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^< 



- 205 






•JfllHJ&dl.l 
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J) 



I I ) , _o %1 ^ •— . ^i * ^li Je^ j^\ oU ^ y _ : i^gi 8->*£ll 

Jl .k>JI J*^| C0 2 UJ ^Ju- \i 300 a j ^jJI xs. 
LiU j^j-JU RDP Jlj (4-WM^I ,^>) APG Jl oUT ^U; 









. (oLL-jiJ 

i.yrcJI »i* gJLsJ . 2 . JttJjJI u^- 



^LlloLiy 
A 




■^H 



,>0i 



>- 



APG 




■iWWa-jJ 



A 



(2) iijp 



1 % CO 



0,003 % CO 




100 



M*U< -j| 



200 



300 



400 



. 



- 207 - 



- 206 - 



I 



UiVIUS 

. %1 co 2 

'M ► 



%o co 2 




RuDP 



a 



* J 



f*j : «j^giJI »* 




4 14 COo - .ju 



APG 



100 



X^A-J 



(1) JSLjJ 





r 5Ui 




olj^— $^4> > — z 


- APG 

- RuDP 

— 




/ : 




7 \ 


— ► 



100 



(U)^l 



2 -; s -v.jy (^ » • 

10) i^j - 9> J Jlxj .1% ^ 

^ ^l*iVI 5jLi ^U: pj- , C0| 
(Rubilose di Phosphate) RuDP 

^j— Ia> toy :ola ..,ill (JU ) 

C02 c~i^ r> i, J 

(Acide phospho Glycerique) APO 

C02c^^J 




^i 



(2) J^J 



(3) mJJ 



>*U 
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.S.LUI J5LUj ATP JI^Ui|| 
<ATPJI 
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.UUJI^Jj. 




* c> U J-> *J 





cLUI OjJlj- ijjj-i X 



Ul SidUil ^ L^U gjUJI *_^al) ^il ^^ (018) ^ -u^// 
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(« 






Ljtf 20JI J^U 



• i 



A.l-tl I CO i-.ai' 

6- 

5- 

4- 

2- 
1_ 





^JJLo _k-j JIULUj ^ iLJj 30 lA tJ JaJJ (X, 




1 



1 r 

10 20 



■ **# O^ 




L4il3 




;i 









,U- Jjti _ 3 _ 



(RtiOlPI 



IC0 2 ij-tjj (APG) dL 




jjL-jjL) 




100 200 300 400 500 600 700 800 



.(3) iiJjJI^ l«JL* J^a^ll^LJI ,-J 



.I 



dU,l>j jit « trills) SjJ* £-° i^LJI £^l ^ > - i 



- 213 - 









. ( 2 ) iJLJ'^ I ^J iL>, 



l*N^ 



AII'JI LiLL- 
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L^U J^dl gftsJI *>* JI.4 1 JjJ*lj ^ r * *W^ uLu* r ji 20 a* 



(f) 2*sd1 iiU-l olll ib* 


(%) .r^Ji^CC^i-j 

EX 




2,48 


0,03 


1 Ja-^JI 


0,25 


0,0001 


2 J*-^l 






.<dUi 



Jlil.. 



^ aJ^ C0 2 *, Jx-j ^i ^LjJSJ\ iLftl ji*- ^ :(2) i,>-^J! 

■JLtl C0 2 C^g JLft^, ^Li r> iJ .^^UaJJ *JjLJ ,J i*L- ij| 



Cr 1 




.^ii^ju.ltj 
.a 4 20-0 



l_iii-J viL^c ISUi , 



J-r-i 



C0 2 ^UiJ i» 



.1*-i' 



J^-^J-lj Rudip _Jlj APG Jl &> JT j 
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j •^^ l '^IJ^^jj:0 2 Jl c >J^X- L ^SfU_^JJ 
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.S.J'Ste.YI liA 
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L* rJLdl CJl^i J^^l J M^ 1 oL^llj °2 Jl >^V o"^. ^J 
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Ill 



)4 J 2 u jATPJIJ^->-j 
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I^Jail ^JUJaJI £» ^jUu , ^\ jLfti J ■ \jJ-\j ' L^J 
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,i* 6^ .Jaii T3 , T2 , T1 JilyJI J>^ Lii PSI JjSfl ^^x)l .LkJ 
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^>LJiJUdl 



o . — ^ 



O. 




,jl^LJI »>u^JI 



IDii-V' 



.Lju/UU>JUI .^--/iiU .^>wJI JUJI. 
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l|. 



,/J 




iiLyi.oUJ 



JjLj^ iJa-J 



, 



LjJlJJUdl 



:iJUI oL-ljJI ci iJil ">L> J jrJ LkJ 

. ( 1 ) iLJJI Jx Jj^aJ-l ^>i i^> ^ 




* 

-I 

U£IIU«J 




S ->. v .l JlSLiVI Jix ISU (1) iiJ^y^ J^ bL^I-1 



.(l) J5LJI iliJI ;LJ 



.2 



• • 



r M3) jID^j 




1 ^ 6jL»j U) JSLiJI uUL ^ . 3 

.-&OUI J)L>V 



I : 5JUI ijy^JI tjjJaJ to IJUj . Ja^JI 

^i J-L>. 25 Jx i-tj^ JT ^yjj. . ( 2 , . ) ^1 - 9j ^J. Ctjlpj^ U^ 



f rf^lj ^V J*-j ^ L*Ijl*I , °30 - 9j i^ ^o ^ o^^ll ^j J/ t 



0.4 ^ i^iLI jLco ^ Jlo 25 -Ul JU. . J/p 10 jj> j^UJI J>u. 

I r °30 5j(^. , " 
| .(2) 73£J\ J ijjju 1*4* J^JI gJUJI . jl^v J^j 

^l^ljii^LugStoJU (( v ) JS-UI) (2) ttjyi J>% J2U&4 . 2 
. 2 . iLJ^JI ^ (.>) JSLlll J ^ . 1f ou^JJ UjLLo ^J^" r A5 . 3 






\ l*k-^ £. ^L&JI JL*. Ij^M IjJS J_^> ^i^.,,,,7 ISU - 5 
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(UA) H ATP 




r y - ^U iW* ATP Ji c « 

ju,u iju ** atp ji v— 'y 

<FCCP 



r-.H cr^ J r 



J*o-> 



__ ATPJI^l^l>^ 




52 W >4 



,Uk* ^J '**>j ^C-« J^ 1 ^ 



.I^J 



J' 




Jf^jj! 

« ■ ■ ■ ■ ^ y *^ ^ 






UIjJUUJJI 







Si- *uuu 

r ja 

ATPyJO" 

oo 

o oo 

OoOOq 

oooo" 

ATP M-Ty > b* 





ATP ^J ^3 cfc*i*V JS oUj ^i ji pJ *j 



U5.IJI 3L~iA) 
ATP ^j-J^ Cr- (l 

Synthl 

±1^* J ATP ^ 






. J^> Ju^i _ux asL^ii co 2 j atp ji ob> ijuc , >i . 






1 1 ) Jlj — JI J ij/ill o^JI cfel&l ^ >U; JSJ iJL>VI ibUI ^f . ^ 

jjtijfjull ,jj^> js. ATP JI ^y hj 3j ^\ oj^oJI ^ jitj^sJ . 2 



J r A (2) 




PH l^-LjLo 




/ 



i 



" 



PH ^LJu 

2 jjA; Jk.j 

H 2 liUjkfiU 



^ liUSj Ja— jj 



H + ^L 



k*eJI 




y 



ouJU 



. Ja-^JJ 2 JI iiUJ Juu : JjS/l i)U. 

Ja-^U 2 JI oL^I JL*i :JLJU1I *JU 

^IjJI , UoUl J*jl) FCCP ijL-i r a 



C^U (3) iXJ>JI ^ w«i o^^-^J 



*jLJ^J 



iLLiJI AU 



^cJaJIIJU. 








10" 9 (ionogramme) ., 



tnn 



Mo 



Ml) 



10* 9 (ionogramme) 




+60- 



(w) J£-U 




(i) J5LJ 



: 60 120 180 240 

II 



FCCP Ul&\ 






I 



60 120 



180 



* 



240 ^ 



il> 



W 



J 



I.I 










jj 



Ji 
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J/^.200^. 



<s 



\\ 



5J 



Jlot 



.l^J-^il^ld 



;1 iLJJI, v2 .1 j'AsjJll 



(g/l) /-J 

200 



%JJ«U? 



12) .15LU 



j- 



(ml) .J L^U-l aj* 



<_r 



(1)> 



100- 




r10 



I 
I 
I 



i- 5 



i 

i 
i 



! 



,\M 



10 8: 



10 



6- 



10 4 - 



10 



10 



20 







10 15 



f 



(1) UJyJI | 



JU tJji^l iJ» J*-^ W^ *UXr^' -J^ 1 " s — *-' ^^ J 




0* 



ys'i J 



.0^ 
..17*1 JUj cjo> <ydl i^UdJ iJL>?l i)*UI v^' • 3 

I ^ J.LJI -k-^JJ ly.Uuo Lji^C Ik-j J-*^ • II 

.i*L- 12 »j! i<^JI djZt 4 



SI . . J^ 9 . a* WJI li*LI ^> ^ ^> il < c0 2> 



cM\i\ 



ATP t^r * U, 6'j • *U A* 2820 ^ j/> u> i-UI "..uAl jl - 

' ^^29,5 

.Uj^l) oiUliJL^-i'liilDlvw^i.l 



.U^Ui, 




oOrUJU -L^ULI " 9J ^I iiUJI v 




54 

3 Uxdl i-jli ^ i-J^-Li .ISUaJL - 6 ^j^ ii^U ^U i-J-l i-UI j| -j 



>~ > ^_^, i^l jj^j^Xl & jLd ^ULI Jx-^JI pH ^L^ ^ 
, r - .^^I^J^^ay^S/l^ UU-Jx-^lo^i .(TH,H + ) oU^Y 
llNIMDi Nitro Phenol) J^J. jj JL? - 9J L, J Cn>*-J^l /-. ol 



.(2) 2jJJ[ t j^J 



e 



jLlJI itdJbu iLo",i J0£ 



'J 



H ( .. 



DNPi: 





I I I '!■» (i*Jtt) J-<>_J 

1 60 120180 240 300 360 420 



. (2) SWjII ^^i. JW . 1 



0, oU j^ H + jju*.. lj^ DNP iaUj Oy^VI ,>o JT^jl- jj> . 2 



r i DNP iyfJ J, V U J UJi\ l^J\ J\ pH % ijg . ^j 0j U. 4 



.!dUJJ I 






^ UlL&\ fu .Pi _, ADP ,j^.^ pH Jl i^a ^ ULl^o J,L.jI 
: Jl^il Jjjbf.1 ^ is**. VJ L^JI grtai »2)U JT ^j ATP Jl ADP 






o 1^*^11 


i-JJil 

• 


PH 

** 


PH 
JWifl 


VJ UJI 






ADP Jl ijuJ r ^ 


r^ 


7 


7 


1 




ADP Jl - tj LJ 


r^ 


7 


4 


2 




ADP Jl iyLJ ^ 


' 1 7 


4 


3 


(3)i 


w| 



. S ATP t-«5y J^j^ ii/»cdl ^'LJ ,y> p~*l . 
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3000 



,U 9 = t^ 1 ^ 



:: 



3000 



( IL.) ^JJdl JjWI r ^> 



150 



150 



105 



0, 







1,970 



iy >lji s-J" 



iy >ui M" 



(c.) iiCisli »j-*il ^ 




.*jUI ftJJfc J>i> - 1 






J 



j, JjoU-^ iUSUl 



! 4-1 v iH 



:55^>J 




J/JJJI ^ ^ L-* iiU| ^ JJ ^' ^ 2 JI ^ Ol^ *JjJ 










o 2 ji u^. J>- J^ ^ J»-^ ^^ r ^ 

iii^o il^oiJL^I Ju^lu-^I^OzJI^y^-U^ 




i>° 





c^< 



«o 




• 'IJjJI sJ_A J_j 



M^U ^^j ^xJI i^/tfl J^JJI J L_^I uij^Jj 



: iJU 



'J 



Jj 



;u_xi 



^J 



&r>- 



;l» 






- J\j* iu-j ^j (USLI Sj^j oLJai) 5^J.| Lj^j. (1 J Xi^l J-^" 

St* 

^o>JJI r , 

c>O^JI 



4 J>i L. (2) 



t 




.(1) ILJJJ 



ii-1 



SfLj .U^L L^Jj jLUI oULJ 



2) , (1) aydJ^I 



.(1) ii-J^J 1 J^-ioH tJjU-^LU">i_2 
dL5^ .jJI ;u» . t.J I a Lo_4 



. 



aJlj_J 






&j SX> j_o L$JI 

f 3.2 




<o* 



,L_Ja_«J 



. : ii- 



I : UUI If* 

4 j^_ } V V V >% ^ly, L^^l cnk-j ^ ;^jL| L>U 

^JLI a^ Lii-j , j^| ^ LJ^, ^X^,, ^ ^^ ^_ ., ^ ^. 
: Jl^lJj^l^il^ IfjU J-mll g^aHj i^ft^J' ' *" — • " 



■JJ 



_1 





* M 



. 9R1 
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A 



J*~> 



,Jl*jJ 







0,5 



Luui^jii 



0,30 0,29 



0,29 0,28 



0,28 0,20 



0,26 0,20 




i^J 




ijtrJ.. «J 




ihS" 



J^l^ 



.(2) 




L^JI , J • -J-l *i^ j>h *W 



f* 








ik^ , J dti&i 




• 




VJ- 



U.I 




H,PO. • CO, ~ J^ Jii" ,-- W* » • J* 



n> lfc>l .J* -.I U ,<C 2 H 5 OH JjJ^lj C0 2 o- Jf y-U - 1 



JSLtt 



^>-JlJ>i 






~^S 




;l^£J 



tMN^itJUbUH 



bu.l 
• I.* 



. ( 3 ) ajLJj! I j^^w 3 r«i ±xJ&yi 




ftl^JljoUUJIiltf^jfci (2) ayj 



& * 



LJaJajkJ U— » j j^ I . I 



•i e 



; liU (3) a^jll^-iwiiJU.u 



k*i ■ .">^ ^^> Jj^ ^ L£x .(2) JULJjJ 




«* . Nta r. i»jlj 



4j'U?« 



j^j^jJ . 4 



:JMU^IU^:li r jX^ 



ux. 



, ' ■ ^J I. LLii) itf Ur 



b.Jl<^U-,oU-Jl \ 



t> 



«JX 



lynlhetase ATP JJ 



UL*-5UI oUiUl 



r- 



a 40 - 50% 



>L*?Xri 50 - 60% 



Hi.»«f)l oUjU oL>;l 



i, > 



jLc;U oU-j 



•j 



i> 



r J 20% 
CjLJjji 80% 



^LkJULuJ 



ATP j rfUj^l ^ 









JilJI.LiiJI 



uSj 



xS* 




r »-UJ 



- 



. Sy . 3 Jl>JI ,J *Jj cJu^y Lo aSjj JjjlLI olkt Ja . 



. I 



ft ■> -:^lo^_cLi_JJ 



j-VI SIaUII i,L5J JLL. r >^7„.J . 
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4 u^li^ 



jTTT^V 



25- 



*o^ 



Li* I »J* 




/^ 



loli-y 6-1 jj^J) ^U->JI ^L: tfly >- 



HOOC — CH 2 — C 



COOH •• > U^- J^\ ^ ^ • 3 

' - CH 2 COOH =0^ c^> *J! UL ~ ^-^ J >* * 



OH 



C 6 H 8 7 J 



c ^_^jJIBM + x-5*^lc>W 



j/> 



3Ju* ,*> ^ W* ^-t-^ 1 



M 



o 



. r °37 -jji^ i>j> J>^ r ^> «y ^' H 



: dLjl-jUj-s-JI 



C R H R 0, .I HOOC - C - CH 2 - CH 2 - COOH 



5"6 V 5 



v^. jj> J^L-j & »jU dLjt-^^-JI u**>J o^ 1 o^> 



U*«JI*J 1j*- '^O^ 



L-^iJ 



Jaii I j^-^» • ( 




.iiii^i ^V Iaj^.j '^^ ^ <> ^^ Jl 0, '| 




H.l'o 



4 c^ 1 ^' Lft *J%JI J*J &UjU>j 3 Ly^JI ^'Lj J^ | 4 Lx*I . 



t [C0 2 ] ^ 
(UA) 



ii 






[H 3 Po 4 ] £>- 

(UA) 



(DjaJ^JI I 



•3J -^ C0 2 



-*Mk^ljj>. :UA 



2- 



t [C0 2 ]^- 
(UA) 



^Ujj !_, 





M 1 



f 



:iiJ Ijll i^L^JI ^ (1 ) iLj^JI ^ ij£Ul , 6JJb ^ ^ ( ATp jj 



^oJI »j* J^U ci ^gJI 2LWI *-! U . 2 
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(i) ir>LJi;JU 



2 ((-i mol.L* 1 ) 



_C0 2 CM- mol.L" 1 ) 



j*i 



,U 







li! 



' 4 




:ULJ 









• •*< 




1 



o> 



^1 



IS%J 



2 (l-i mol.L" 1 ) 



_C0 2 ([.I mol.L -1 ) 



]/JJjloU> 



' A4 




° L 2 4 6 8 10 12 14 16 18 20 22 24 26 





:58 



J! U^> r 3 

, ADP oUi>»! 




;LI Ja& fr* \. ' ' ^ J - A — w *iJ 




J 



r 



^ Uiltrasons) i^j-Jl Jy ^ -^ ^-'ij 
(R'H 2 ) i^ oli/ > jy^ Oy^^ 



I 
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r 



;. I 



Jm i 



.oi 



.d ) *juj\ ^i^y. ji*ii gjuij ^jj 



2J 






oJ 




j i ° ^>~4 ' ». 



fj-*HjLl* 



^UUJ^I J 



,x» 



r-> 



;X» 



^LLIJ^I^ 



n^V 



j\jt)\ j^j 







. i< 



wjJI jjZmA <_JU |j . j x* ik>^UI ^JU 



o 2 j 



JjuJIJjUII J(j.) oLj«JI: 



I .,) J^JI^ 



OJ 



W J\ jj*j&\ *iUI - j 



Wgi (C-) jljj^ji >^ iiui 2J 



H 




^'I^JI Jk-_4J i^JLI l**> & 



Jji^-0 



* -r* A * 



i^U jLfJ. jii_* 
Cfix-^S^ I i-^-T S y be* C 

. ( 2 ) UJjJI J IhS A-a*J 



2J 



" 



^l^l^jj^:^ 

■ ^fn- J liL. .(2) 



' « 



;«i 



rf 



j • ■ ■ " ' oL* j 



•"• 



;lu 



^Lo -3*^-^ 




Jj*±S 5795 U ,jj 



i^ , ^" ATP •-. iL i» -J Ul^ ; _jLI -^ ib5J 




» 



Hii 



LoJi. LLJrkj L-j ^ dL"L>i i;Ui-yij ,*Jj cJl^ 
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(Halobacterium Salinarum) ~>JJ i^ll trM 1 1 -^ 1 ^J r»* 

uuji Jl^-i pkuj ^> a-u ii> Wia»j • w i-tfui uuji , 

;*£l ATP u^>, ,->. rfJJI ATP Synthase 

>j fc^JU** ^- '^ ^ ^. f ^'^ tf 

JLO^I « .*JI ^ ^ W t^ 1 *'^» *-"»*" 1 








/ 




J JWI . lo^JI cr- *W J ^ Stockeneus , Racker U>UI 
^ WW ^ ATP Synthase ^1 Jl ^^ ^ J 

.ATP ^Sy cy> ^-*i> 



■a 



* * 



L* 



^j 



X* J* 




.L^JJ LkJ^" I— J r ^> 



-u ^•-jwiiJJIjjJJI 



< f J-*i <# 




■J Jj* 



.jit <>JI U-*JI >i* *-i5 > ■ • 



liU 



£_JI ■• ■ II 


hj-^jfj*** ^ 


ATP JtglaJl^j*. 
R' J] (R'H 2 ) i~^i ol/^ll Sjuil r ^ . 


^pjtfj^JJ ^jlil . L=JJI ^ ^ki 


ATPJI^UjI. 
R' Jl (R'H 2 ) i*>^l olS^I iju-Sl - 


^jjjjS^-jj jtwi • LLiii ^ ^y 



^yr:;.:.^j liUj «jbill &JU ^— J . 






.Ju-ijil > kJ lj RH 2 Jsl>JI U-Sl Jj Lijll o*>UlLJI ^ 



. wj 



kJ^J 



'J 







Ll.Jl.l .«, a 11^; «,hil ,oUL_J 

. (2) U^jj}\ ^i i;_.ju «jUJIj '4^^ 



( l ) iJXJ I is. j-ja ( v ) iJXJI itj> 



i. 





t^' 






iJx 




^1 i^Lf) 



l-UJI i—JI^-iJI. 



« — • i i ol 




r^ 



OO w" -«-* 



.(2) iLJ^JI^ L^Jx J-^hII i^o^JI mlsJI ou jjli. I 



,•• II. L>*JI 5J>a ^ jL» v iW 7 . ,. 1 1 oLo^LJI Jx lju»jo»_o ^JLJI s jjs> JJU . <-> 
[ .(V- 1 " J ""-I" J "I.2" JluJI) ALU! 



) . li) gyJXJ I &> J5J L^J Ual I a.L,AJ. I u>u 



o^ 



US Uaii^o -3:1.4 




.- e ^J-l>i 



Cr- 
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.< 1+J L , k J» ^ U-j ^lj ... ; *~" JI ,> ^' - 1 




t.VLS 



.<o^?l IJ^J t^ — iJ -U^J - 3 
. (3) iL-VI J^ *• ^ J* ** ^' ^' ^ iJ> * 4 



J^I^0 2 JI 



(4) iiJjJ 



mg/L 

A 



20 



j»M >^- 



r 



J , oL-Jaj«JI J>v ,»j-^ - 4 





» 

^ 










U 



2J 



T 

5 



> U)^ 



J- 



*3. 



*1I.,j^ul1IJ1>.1 



•'e? 



L..2 



JWjJI < LUJI j;y^ Jl* ;.,_. i;rll 3JUUI ^ oUj^J^I JUul 0! • I 

.. Ul JJLUj 2 Jl ^l>jl< ^- ^/i 



,11 Ik. : * 9JL-C JL» • V 



ajui J> j* J>L* : & — ° "-" ;LJ - J ' ■ b,x * tJ " sjU ***** 







^Ul ^ -ki* f U> 



Jl oUj^S^I i*> ^U,l ^ l£-_, . 1 



n-1 



>T 



" t 



*T n + 



1 






<^i>! jJx .»Wj! ai> ^ *fc ^i. u-ri au j oj& ^ W I 
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-2-' • ; 



x700 

,1 





i ,^uLI ^ ^ 2 j 1 ^k-j 




.u^-~S"i'l i-*T c Li^-L i^LL^ i^J^ ;_w> j^ 

V V* (2) JkyJIj^lj. (1) k^JI jj^ 



i-k>^ (1) Uj^JI Jii. 

■ (2) aj^ll ^ iuil gAdJ JU J^j 







38 





^ i>ulA> ( 3 ) ii-j^JI Jju . cj 





(2) JSLJI 



13) 



^n 



(1) J£-U 
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ca 



^ JjjVij Jy-ijjjjjJi •ufeJ j^- (a) Ji>Ji ^t>] ja^' >-tP • » 



.ATP Jl j£-L" i^ £>^J - c I 



: JLJ15" L^l^o i^^ 1 885 Jul- Engelman c^-UI r \l 

■ ■ 

J,.U " 8 >5 J lijjL-j ;^~L* ujj (Cladophora) Lk^ LL>J? ^j ♦ I 



,>^i < >U i-jx^> uL-^o jJa^i 






UJ* J~^ 



>_J^ 



\ 






!£ 



£H»is^««^« , sutt>«3 ^^■e a^^^v-aa^ TweMfrggj 









*/ 



— "_■* 



$-C* 






(nm) 



i*JlJ> 



oL»l ^ JjljJI Lo . 1 



*» ft 



^IJl>-2 




J|y "Jf _k^ 



3000 
150 
45 

0.255 



L5»!*» 



k., 



r UI 9 



3000 
150 
150 

1.970 



w^l J,^JI 



^l Bull 



(Jio) J^Uil^ 






*JiL-*llv»=-ri-4 

L^ r >" jUA 
l^^-^l »y lk)l i-ljJ . II j 

JjJUJ-l ^ , 






JlniUJI*^* „u|l 










lojl.ll ^»Uj IK&JI 9jJb j~Jj JA» . 



; # i. I Jl . Li^JJ ; . ■■■,;vii a ijj iUU L^5U) y : iall a-JUl jl . 2 

||I;J i^ujj FAD , NAD L^ upjj^iU o^U ^ _^ ^^JU 

**J T4.T3.T2. T 1 oUj^^J^J 



i 




J7 JLJwiJ . 
/ ,,^ ^l Jil>JI k>*. -k_L^ r -Lk^_ i^ JT ^i U o uj. ,y . I) 

B_ji jx Li^^i (-) ^i iju ^ 0j sl- ^ji jj'ui, (+) - 5J __yi ^u 



ii^i—I 



T4 


T3 


T 2 


Ti 


FAD 


NAD 
















1 


+ 


+ 


+ 


+ 


- 


- 


* 


- 


- 


+ 


- 


- 


- 


■ 


+ 


- 


+ 


+ 


- 


- 


^ 


+ 


- 


+ | - 


- 


- 


Jb 




.ll k.-tll^l-ybLa. a 
t4.T3.T2. T! JlljjJI Ji-jj uj; ^j^ JjjJ-l ^Uj JU UUi*l - b 

• Ja-jUl^jL" jl5U }J*j 

fid\ s i* J^U ^ FAD Jlj NAD Jl ji.jj uj; , U^l dL-L5LcL > . c 
ui._i - 0,32 = NADH 2 /NAD £jJ JJ ^UjVIj Sju^fl ^ jl c^U 1st 
l.i.JI ^ ji-jj JJLj dUS j^ ^i .JJ^ -0,10 = FADH 2 /FAD ^jjjj 



: t5*. 



Lkii 



u^-TjSfl Jl JiU >l ^ oUj^SUVI JLLJl £i : (CN) ^U 

.oU^-j^U S>U ^jJJ_^>^il c LJJi Jjc^_ :(DNP) 1 




* .... 



;il 



Ol^Jl ^y^> Js. ATP Jl ^y- £« :(Oligo) ,>j — ^>UjVl 

.HJjjJ-I) L^^l J ^UJI ^o yoJ ^JJI jkill y,U . a 

. : JLfc j_£, Jjb j^L-JI .IjviO-rj Oltj 



.fATPJIJSLU- 
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jjbt* *iLi» 

PH8 .i 





1 



jJ,j&±J\ oL-_SJl jjly iJl> 
• Pi + ADP iiU»! : ,"5Uin J 

ATP jl v^V jO* 



1 *J* 



2 ^u;i 




. 1 . ioHpjJI J'xr-* ^ J oL -^ JI >>° ' 



Jul 



< 



J-^ 



. ATPJL&iSi^U 



(2) JJLJJi | 



J? • i-^ 



■jr <-s- 



IS^ jlJ,**~JI .Lli^^ (DNP) J^ 
^LJI Ji>" ji it^sJI »^ C^S *•*** ATP Jl ** 



_j J I J*- JJ -i — ^#| 

.ui)ji>jj^ul 






Jb (i jslui) - 3 - UJJ\ ^ JAJI l ^-^ JI ^A* 1 



.3 



ii*jia. 



'•>• 



c^ 



lSJ 



Jw 




;Jjw J oU r i 



>VI IJjb 



» , NADH Ji, " S J-5^J %li oU.^J^J LUf 






oL^I 



ij Ji^ . jUil Jl O, ja -»i^> 

j^ji .^ <y '**** ^ J-^ 1 e^ 1 •- %UI J[ 



PH Jl 




60 



H + >/ 



(3)*aJ 



> 



(J^ 9 "10) 



Jj 



xT- 



40 




20 








60 120 



-J^ 



180 240 300 
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LkiLI oLuUJIj 4j£jS*±\ J ATP Jl u*S>- M JUj* >l J - (I 



.' fl *■ 



^a 




.:UUI i-o^JI JU*Sllj oUi*ll jJJI 



(JJy JL.) 



(JKI 



i** » *■* 






Ml 



\ 



J-S-Hl' - - 



i*UJji 



. (jjyJv) 

i^yy jl*) 

-400+ TH .H T+ 



nv 



J wAjuI^I ^yu^ Jx : (I) J^J 



i i • 



\ 



& 



\ 



x 



"0 



/ 



20 



2H + + 1/20 2 



j&ifj^L **-* J* •> (") J^ 



(1) iiyV 



^{v- 



,<L*UL1 dlijLu. j 3JLJ J' »JJ* l^L- ^1 oU>IL 



oU.^iSJ?! ji ui£ ^sll M-jJJI *J^fl oUjy^ftN JiJ tf 






j-i Jl Jj^j~JI *>J** °" 



,i u ,g»i r - ^i atp ji c-^y J^j^ 



.WtUull iJj" 



- 274 - 






.(2) Jl>JJcL^UI^LJI^^>"> i gllaJliJ^j-to 



iJ kJlS - 



Ui^UIJx 




£ * 



5.{ t .^)LrjjU*l#U>u 




iJuJll .j-J-^ 



i.5 



C* 3 

ji tit 1 f I S f . (II ii-Jpl) *Jk^*-» **nijp ^xA 



;Ui^UI 



iioUi 



Ja^L l^-) ^jJI oj^ ■ 



(^) ^jJI jjL" jiAe . 



". fll 



,^M¥' w*i W /*»' U 



j>'- 



jjaa>*i\j jji« (V) j~al*J 



&) ^rjJI j_^J ,.tf . 



aU 



\J"J* 



;U 



CO 




ji 



^JJ 



jJUU 



^uu 



JaiiUU 



W tLo 



A— 



«,jjll 



•J 



(1) J5LUIU* 



(2) JSLUU 



(2) J£-UIU* 



(2) JSLUI-lJ* 
(2) JSLUIU. 



(II) XJL5J 



LoJ 



Jx i_J_pJI olj^-iJ 







vJL^ Jx ujUdl ^ SJU o>*i i-^JJ XoJUiJI ^I^AJ 



O 



J 



jJ.1 



^>^. 



co 



.^LL^I ^j Ja-j ^s « Mougesta ,, ^ ^ • l^i 

j! J.UdlCCL -.lij'^JI ,^l«LJj0 18 *-^i>y^ .'!,>• 



j^i j j*afco juj ^i j >ji pUij o 18 pi* u*~s 



£ 



;uji . 






OljJLflJ UijLsJL LjJfjJUJ <U 




y> (^) ^l jUI J* J^ ix-^JI ^ C0 2 ,UJ ^l ,>JI ^U ^ 

. 1 . -a 
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LJ"* 




| 



i*-jj 



• ul 






" 



^L^ iJjj_Jll i_J^I ^L-l outj ,J j.ai ,<U;LJI Ji^j^-I ,^-L-l ^ylx . 4 

.» l^l^*LJIj^>^/ > sJl , (y ATP Jiff ItflJLc 

ixJjj-j' **k^ t>u .iL^Lil clijL*-oj i^ljjjl jjjb ^o aJx j.l.rT^ IjT li*>U2jl . 5 



»>LLJI j^ ^ i,lju iSLkJI Jijj <y ATP Jl i;LSU oULJI <^Jx J* 




SuJUcJI i-jli ^£ Uil ^i iiLLJI JUjl^I Jl 5L.JJdl LjIj iJi-l ^J iJjJaJ 
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I I., ^U^ Ja^-il Ja-^JI &* M^d\ iiUlJIj >ljJll JL^__! ^k »_,ju)I i4>-JJ 



L^liLilji^Uj^^o^-l.iVjJIc^ t2)j (1) j^-JI.I 

.Uil Ij->j oUir U, 




^j^JliLil : (2) j£-i 



L4U— i : (1) JSLi 







.i-J^loULJI^I.1 




b^.(2)j (1) avK-JLjdi 






■ # 



L*>U. JjS/l ( , ...all *JLbj .ju-J J I Jsu-jJI li* *— -L . j..:«:ll oLj^j 
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1* 



r~ 









(1) JSJJ 



:,LI u* J^ iilsiw 3L*ljJ JrUj ^ -J^J' ^A- o-^. J 1 -' 11 J ^' 

r 



2 .k-JI 



;/> 



c 



%ol + .u 



y 



J OvjL> • 



oi-wJULJI 



-f 



it&Ji 



c^JUJJ 



1 Jx-^J 






> 



JK-J . «JJ « I r ^> ^JUJaJ 



iij ; y_Jlj«JaJ 



Ja__pi i»j-J 



_^JI 



.■>Ui) 



.jrvk-^l VS J\+±c J^otl gfcdl 



i.1 






.3 J^iJI J UL -AsJ j^-JI ^U • k.|| 









2^^ 



100 x 



•_o Ujcs iiLtfJ 



Vtr'J 




504 J l5T-_ ' 








u0| 



12) 
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'<)., ^ y 





CO 




2 ^y 




ii 



20 



40 



60 



Uuitf) 




(-UJtf) 







40 



60 



80 






5 CO C~JJ ^_ U-J J/tf I i^JI ^ ^JJ^-JI iLoJxll ^U . .> 






;LJ 




.Hj-) ,-^wdl j^> i -> i yi ^yj^' o- 6 (j^-r-*^" uLT- a 



iiuJIV^lMJ 



u 



<: ; 



ft ft 

oli 4-«- J a J 3>U ^Jjl il> 



.I'.^l^^liUJ^J [^ IS^-J J^ .^c^-Jl oliCOOH} 

ryJbhJaJI ji* jjjj <Ljt5 ii>y> ^Jj . Ja— _^JI ,J *-Lo CO„ jLt jy ^o 
^^ jj-^ Ji^X .{H 2 -R-COOH} *JL« u^jjJUJ* oli ;.,.^>VI iilll 

.c,'Jliu-,.JO. 

: 










La J i—ljj J^-« Lob" JyJJI ilnJybUiJI i>y I* J±> ~Hj->^ ii*>LxJ 

f .i_JL*>l 4-J L-a-jT O^^UU viLjL>l L_C-La jVj^ill 
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) 



L I u 1? L- • 



jyj^(1) jSLDI.iJi 



^Jj^i? L-Jj-tj-JI . I 



.-uLi ^ jl tjJaJI ;_^>j ^ Xii x ^fl 
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.(2) '*. ! |i 



: G 



.^M^ j!u* : P 

uU : +++ 



(2) ajJi 





^U.1 J^^JI 


!*j*l 


(i) i^iuji 


f j*A#H 






++++ 

G 


0-> 




++ 

G 


++ 
G 


• 

1 J 


++ 
p 


++ 
P 




2-> 


++ + 

P ' K 




CO/ 


3 j 


+++ 
K 


I co - 


4J 

















|,i cJ ^sJI i^iUJI oY^a) 3L-,L-Sfl J>UI (^ ^ u*± • * 

; 1 . xljjJi ol^ j>^ ^ i^ ^ > b -^ ^-^ Jl ' 




:U &to\ J^>^ii Pi j ADP j NADP + ^ JT 






v 



_, ADP j NADP + JJ -.ajl^II aUrtl c— " ^J'^ 



;UJUJ* 



.1 



5 (02 J^^H »y>UaJI CJ,J*v» 



jiift 



_, NADP + ^ ;:J^ *-** iiL*! p. U<L-JI io^JI ^ ^-^' '*! • 
U JuJ> ja M&\ ±>% _, . «**-ftl S*k[ ^J* "•■** -^ ^ Pi ' A 

. C02 ->. i*-^l * 

JU 1 J^l 6 i* ^ i^JwJI objJ-l ^Uk^l c^5 > J * g^l •■» ^ 
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ui. i*j*« iS*uii s^twi >!>i f*i J^j J*^ r-xj^- 2 





I (1) U-Jjl «sLU r./ 5 * 



siJ JLiiJJ LjJlkJI j*1>JI i-bi ^>J - 1 





, ||\ e") oUy.^Jb oUj^J* iJuu- i»Uj Pi j ADP j (H 2 ) ^1* 



Jl 



I , u ; ! + ATP C UI + 2 J&Uril : Ji^^ ^^ 




TH 2 J| 



-^ -^ «i ...11 . ; 



-LLC sjc 



? TuLJI »J* 
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.^l>IJl^ 0> wb,.J| 




OJ 




I 



±>. 



(2 U^m ^ 

Ul J*»V .Pi j ADP Jl Jlc ( 



^i ATP J I y^y J*„v-i ^-M - 

J) Ukil J^ c^ iJLJI ^;Uj 

.(1 iJLJyM) Jjj* 1 ^ £-'' u, l 



C 



;uj 



ATP J I u-J>" r -^ 



.Jiki 



SJJttl oL^JI i^-. 



.iiki 



7 = PH 



.Juki 



7 = PH 



rO^ 



ATP Jl ^SS 



ATP J I ^y r ^ 



ZJiil oL/JI i^>. 






SLJiil OLJUI r U-iJ 



7 = PH 



7 = PH 



4 = PH 



1 



4 = PH 



(1) JuLJJ 




.ATP J I i^s J^j^i u^— I 



2 i^l J ATP Jl . 

■J 



CH» 






■~s-\ .U 



oUUI 
-3.<UJ 



• * 







i 



- 283 - 






KiJI^^t^oL^J^^i-Ji^lJ^iCll ,>JI J> Ui^-2 



.(IjU^JI^i^JI 



I 'i . ADP, jj>. J»m.j 
.'AJjJI J 8,7 = PH 




4 = PH 




T 



Pi , ADP H sjy, J*-, 
^U-JI ^ 7= PH 

O Q. 



7 = PH 




o o u 




T 



Pi j ADP H i.y Jx- 
r ^JI l y8,7 = PH 

n o 



4 = PH 




o u 




ADP Jl i>J r -u 



ADP J I i>J -a* 



ADP J 



IDSJLJJI 






II .^l^(3).(1)c,L^^1c^IliJ^I^ < >J-«*>-^ 



■ pbJI »i* cJ>x ^ JJjJO-^i I JJ-jl^ JxJ^il j>LI J,LiJI LJj4J . 3 

||>ll - 7,5) DjL«j^ Ai^*> JU,* Li*- V*-« j>>u ^-Li jl** ^i 

• > J^j^i J ATP Jl j ay^-i^l 3L^ ol^Jtf ^U ^ « u^-S^L £~L* j 



h0 2 J 
I ♦ 




Imi 



r, 



Ml 



r< 



ATPJI 
4 




» t n » i n 9 



6 
■5 

4 
3 

2 

■ 1 



U 




JU 



.JLilli/jUl 



I 




c*J» 



1j 



2, 



3j 



P.^yU viLij^ £ADP +Pi jx** 





2JC 



<3-> 



■d^Js^ 




I 



3JC 



J I ^ Jj--j>L-» 200 

Pi + ADP 



I * 



^4^1 Jol j JL-JI cJi^j 






.(2) iLJ^J' J i^ W4^ J-^ii gAaJ 
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iJjL*l 




u_L.*i*.4.3.2;i f u><ai-i 



.l^j£j^JL>' 



Ui'ia-^ JaJ^ 



_L- ATP Jl ^ J ^ ^ ^ ^ *- ^ V J 



.ATP Ji ^ if«u c ^! r 4 , 1 ^i **> &J ^ W ^ r • 







*u 



jjd 




oUI Jl r-^- 1 

" >« 



;li SiA^I »J* 





/-^t^^ U,l ° !,1 lli 



</ 






oy_^ 



UaJI JJ^>1 0-" *-*+* ^^ ^ (,,) 









: 



L.0MI 



.JUI iJuJu- U4V 



, J4,4,3.3^^^^^^ , ^^ , ^ , ' 



.8 j 8 ^1 J^J 
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U, > l«jl_^ U.I OU15JI U Lij5UI ii^J IjJL— io*JI »IA' l^ 





{>jj«y 



\J 



, H iyi J^ji oUij ybik- ^ j^ ji ±>j -WW*^ 



CO 



i-« 



Lb 




PGAL 



Ju* 



Jl 







ATP + TH2 



J 

3 

A 



jJM 



> JM£~ 



*MW ^ 



ATP 



>j >j,ll; 



<V 



ATP 
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CnUil j J O 1 ^ W^ 



.(^15-^,) C0 2 JU 

;_.*ll COo &> 72 ci^- 



>.1 



'UjU 



2 1 






.i5U^JlATPJbNADPH 2 ^ 




W ^J H + ^ 






6 '. 60 120 180 240 

t t FCCPiiL*! 



(tl ^1 





^ U-j yl »«M*>*J o^ 1 & 




^Jl FCC(| 

(H + ) oUyj^i) »»j|j 
j^l PH ^LJJ 






.(2) j d ) laJl^^ji ^> iJL^i a*uii 



l^U ^ il>^ (2) _, (1) JK-sSl J-Lc ^11 oy>UiiJ UL>YI Z)*UI . 




y ^ ^ .j ^ a-L- uw* -U^ 1 oUjL ^ ^ -> W • ' 



JJU.3 10 Aju^bJI 






i^JI J,j^J 



. f ^JaJJ i^yu> oL»JLJI jU* 



CO 



.jbAiaili.u,- 



-u^JaX C*U»j> w~£j? p** 



2^% 



JL> oL-.,7,..J Jo— *j 



t^ 



UJ 



. ju-Tji I aOui-1 1 Jj j 



P^JI^i 



uUjLaJljU- 



CO 









.,. >H i-i»yu> OUJLJI jU* 



CO 



:>LuJ -k~ 






iX 




1 



2 



3 



- 286 - 



_ 9«7 - 






!^> L^j 



*>* 



ais 




i 1J ^ :^l AN* ia-jJI ^ 2 Jl i-J o-LJL .^ 






jjjj^^a 



,^j^j 




i*»£ 



.i^U^IUi^ 



u 



)C*V 



23 ^ J 



j/ji- o 2 jA? 

A 



-W ^ H + ySj O 



;ol-Ju- 




J/jL, 2 j-fp 



iJ 2J 



3J 



JJL ^jll 




U 2J 



(,_j) iiJjJI 



(i) iv^i I 



( 










* * 




-;,-«- 



Cr° 



# 



j ^d j*\ i-WJi W^ 1 V^ 1 <y u • a 



iii)ZL£^\ i j**>J"4x l*UJ-~tfil 




i H+ oU^-j^JJ i>J ^jJT^JJ <^UU • LiJJI j\ c~U 1*1. I 

. !^>dl J iyil . PH Jl c*U*J ^ 



f 



i^jj PH Jl <J rj^JI U» ^ Uj*J\ U5LJ1 ^ . ^ 

.JJi 







J jj .C0 2 ^ JU Jlj J>-o ^ . 1^-1 oUJL^JI jL~ ^j . 
, 12 - 6 -D) *_-*> ^j ^3 i**U Uh* **J* **-* VJ^"^ U^ 




l>* 



'jj_0 OAJ 



-Jl 



; G-Dvi-y^Jy. 



^j 



,UVI ^>^ 



fcW'AJf 



-IX. 



a#uiJU3 f 



J-c - 



jj^ 1 + jyi j^ii ^ ji- 7 

Jl. 1 + * \jJa$-\ oUJLJI jU-o ^» 

2-6-D mS> ,>. 



L-SI 



j_l, 1 + ^yi J>Ji ^ jl- 7 

JL 1 + J^ail OUJLJI jLvo ^ 

2-6-D ^^ ^ 






j_Lo 1 + yjyi JjUtl o-i JU 7 

i.lOiJu-l^lOO^^^jJ 
2-6-D v i> l> .jJL.1 + 



^-^ 



;UJ 












. . JL«JI L^l^ >i £- VjMI ^ <> U^J r - ^rfl JWjll ^L* 



.1 
.2 
.3 




J» Wit J-J 





■ 


|.76qj>J] 




J|j> Ui^JUli 
jtk- J* VlM cy 
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L 



j fjJU * 




I -LaJL-aJlj ^jJj 



p4 I X ■' ■ m A O Uj-lJ 









:L)UI 



Exao Jl ^^ jL^ J >JJ : jd jfll 5-i-Mll 
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j2k^l r j"»> U ! jjiir-U 







J. 






a 







J ^ " c .uw >b audi j-> -' ' - 



;L^^y.ATPJI^-.(l 



Jl 



, Jjl. j ATP Jl oU^o al^^ ^il ■ 1 J 







ADPJIjAMP 



1 iJU LyU, "^ o!3 SLj* ATP Jl ^ 



isa-2 



J WJj* jM" 23 + H 2° + i"* - 







J^/J^ ^ 30,50 - H + + Pi + ADP 




Jy/J^> A* 2840 - 6C0 2 + 6H 2 




H 9 + ATP 
2 

60, + j/jU I 



J^AU JJ 1159 + 38 ATP ^^ 38 Pi + 38 ADP 



(II 



_L ATP Jl cl > ^ M ^ ^1 ^^' A~! & ^ ' 



jji i0ju4jU- Cfi ^i - ^ <y 



^>|> . Ljl ATP Jl J^-^_ j' ^ 







■i- 



. 5 jii ^ajyu 

UUJI) 



-*luJI OUL, ^ -t^\ & J* fciytf . I 



• UJL5L^c 



LU 



. IM\ IL> J iiUJl ^ ^- jj^ y|a| | -^ _ _ 2 




d *5l^) >al 



13 



nc%r\ 



X 



j*^jsA 



ua 



r ■ 



(X) 




I 



alj ATP Jj—o 38 gsa ^V Jx-j ^ Uil J-J ^ ;.L.« - ■ ■■ * jj^U io* 

. J^jLT 30 ^ ATP ^j> *>U| 



JU»*-| Jte ATP JSLi Jx iJj^l iiUJI J^-A^L 

(1 =H 12 = C 1 6 = 0| 

I u^kil • List ^ tfjj&M s4*A^. iii>^UIj ^U *~Lj LS^. 






f 



^)l ATP Jl obj> iJx ybUi £• 0,5 o>" »^>lj jjO^ ~^.j> ^^ « 

.Jl^ll ^l ik-U l^ 1 Cr- ^ °' 2 J ^-! "^ W 
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4 3 2 1 



•^JHo-M^i^bJi^u 
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J ^JV - 'cX^J«JI_ (| 









W^V-UVlL^U.-,! 



*o-** i^£j 



I i-JU. :(2) 




c^UJI JU«J|^jU 
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.!ijLLJI i^jjUcJI J Ly^JI Jl*jc-J j-o 0J4JI y>L „ 4 



^ 2) t->> ' - 




5 i US' j ji'jUJ I 




^UJl/oUi^l 




J*_^i 



L>L^^1I^ 










»jjh: j 













^0,60 



& 0,255 







^r 1 ^ 




L ,11 



s/J 



& 50 







V' j "I" u^W c> aSLidl ATP Jl i^j a;i r .„u 3/, 



i» J-r i ^i UL^i- J>U iilkJI oV_^ OjJ> jlj LfJltlU OL^x r LiJjj 



.JJJIj^ULjU, 



iJuliJI 



i^i-i iiUxJi jx J^jli j>y »^- rJ j^3 3 iijjji J 






DuUui 



*" ^ ^UsW . 





&* ^_^>u 1885 r U jULtf I ^LJ! ,li 



*u»sf! J-^Jl 



- -r 



•VI 



# • 



I * 



MM 



(Mill 



i,j 



.<* j 



*»wliJliiU 



oU 



^ kA yfj^i ifX* JJL. ^ ijtf gtf 

Bacterium termo ^ ^ cfcw-SjSu 1 •, 



UU 




\ \ 



1 * 



J>UJ. 





A - 









Q- rcg>^aje5£ 



#-. '-V--j. 




••^^^j(3)^|l 




*£' 



400 mm 



J^ 1 J*Jj (4) 



**j JJ^J* 




JJJI o^j (4) 




J^JI^ 







5 ^v^i Jx bUsciaij - 



.1 
.2 

.3 



i>*£ 




J I3L..I 



- ?0'» 



- 294 - 




, fJ -ji »jU] jj^ anufi jJUjji ^i .UjVi *&■ 



O L> jJuu I jw? . 



u m- a J i (V^-J 



j 3 /~i\ -.pui &7] 







.ous jw*j <oii>iiJi ii|) yujJ ; ju^ j>i j:U{ cLr*! ^. > • v 




|ll) AiJ^I 



j..> ^i p jkjuJ UUp j> L^Lolj iilkJL ^tf yi> ATP Jl ^jum- 2 

I .i.JjlloU.LUI 



^ l ii,aj^ rJ jL^i r jAi 



L-T, ATP Jl i*U ibU-. 



* ^ 



*r£jdk{jfctfM 



U . o .1 o^VI Jjt* Ub .ATP Jl i^J. i>Juc (4) J5j tfJ^JI Jix . v 
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. ia^L >LJI, tC0 2 ) ^-iJI jUj (0 2 ) ay^SM y^^ 
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.13) iiJjIj 





lil. 



IpMJUIjU 



(•I 



.jjjdi ./U >i ^ r^ C^! ^ ul ^ <> bU ^ ! • ' 



82^ 

iW^J ^i >»*l oU)l o> ^ a^^l XoJmJI oL^il Jx o>5l 3^ 

:UbJI L-ljjJI o>l .iJjJaJI iiUzJI J^ ^ i^» 



C0 2 -; »^iij3 (*- 



; ^w-U-o Ja-j ,y (iJi 



; ol>i J*>j .^1 ^ c*,*j ( 14 C) ^ ^ 



2 . U 1 ) i: 










JU 1 = v$ 






APO 

:C 3 P 

c 5 Pa 



(1) UJ^I I 



- 299 - 



r ^ 



ii/) 











(I) JSLJI 



(D^yi | 



It , tr i Lpuijj oL^*)l ,i» J^; (4) ;.,^ t j| j^j JLc , ^ ■ -ii . 3 

^-JUj (6 2 ) ^ 

^J (C0 2 ) ^JJlj^j] 

. ( 2 ) iLj^JI J ij*^* 



r 1 * 




CO 



iL> »fuLsJ1 si 







t 



* >>- 



j>\ 



£• 



»AA> 



Ln_» 



rt * 



^-jJ 



J.v 



It 



u 



co 2J 



. JL>] Jxk^c l^ js. 3 



," '- UJ I ^jLJ Jjb , 




i*L*l . 

i- >i IXk, (4) oUajJI J|jlL-1 SLLJj 



» 



r '« 



*j L^jLJa* -*UiJI ^ J^' , 6 




■ 
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J -H* c^'j u^ 1 **L. o-* Lf^U» ^JLasII Mi ^i ILJ.I oUl5Jl _u 



*■ 



:^JLJ 



J 



J 






Jjb*-° L-fc) cn-x-ljj u^L-j ^j a 




iy± :u> a u 



^O^iJ 






.(1) <L5J\ <y *te£ i-ljjJI »i* *JlJ (( _^l^ k-j 




• 4 J! 1 ^^-jVLUJI^LiiloULJI^.1 1 



.viLoUIJU^.lu-jjr J^ 



-L^ 



i>u-JjuI iJrCr^lml iji^ ,*a><_> 




L..4 



w^ri 




U-iiU**^i U,U Ijjj (1) iiJ^LiLuil (1) oL^JI^.II 

I ob>J.I 8 ^ J5LU JLJI ii^i.. , ATP olij> JSLj. isU, ^LjI, ^ 
:(2) iuLJ^I ^ "l" JS^JI ^ CaJLI ^^Jl _^JI Jl^uIl 4g| 
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l() 



U^J— 1 






t^^y 



l*^^ Rudip JL 
.. U 500 = j ^| ^ ,^yi .^ju ^_, 14 C 2 JU ^^_^| 

C 2 j Ja^y | jb,jj ^jy 

(2) UJ^JI | 







. (2) ayyi ^ sjaji giui ju iL^yi* . 1 



.iJU 500 = 



J! ^ 500 = ; ^ iJU J| IjjU „ ^ (2) ^^j, ^, ^ _ ^ 

^RudlpJI J APGJf^inWl t ^N £ U fl i e a 4M jUU. £ 




{ JxLia ^j a;U>^ JUjc^L, gSLd 




.III 

Rudip JljAPG 
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tfl 



!3U >u*A*.U 



^j^U; 




-2 .; 







- 1 :oU 

**;U.4 .(3 




i 



2H 2 0. 



c^'JUd 



'>*» 




J^- 3 ^ 



4H + + 4e" + 2 



- : ^ 



;lj 



.I 



;ui 







i f! ; w " r " P t^i i^! *>-* NADPH I 



Lt-fk. 



2 NADP + + 4H + + 4 e 




^Ul ATP Jl ^ 5 ^_ ^ 



•>*«JWJLsU >4- M tW jj 



2NADPH.H + 









& 



OJ 



V'ill ol^, ^ oUy w , _ :ATp 

ATP HAnn 7,. . , C 



ADP + Pi + ^-^^ATPase 



At 






*l£-ijdl ATP ii - , : *v*JI 

(Ml .-, . ^ L^uP 






y< . is- 




liL.,2 



~ •> °2 J'. 

ujij. .. . ATp 




:xJ 



0*J 



►JjCJ 



iLaiLo» 



<LC 



(->- 20 ^u/i 










•U&. 



^Cfl» 
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- ano 



ill 21 



PSiLJ^J 




.oU JL ^WI Jjfljj 
. CLJJW L£ll) ATP Synthetase iiLLJI ^U rJ ;l 

.22UMLI 

ZlybAX OlL>l >-*£jA ik^JI ^Vl S\j* . 

.(NADP + ) i^jloUil^. 
ATP / P: , ADP . 




oU-Jl. 



(3) SB%* Uji.^PSI .PSII UbcLi^l^jL 
a>_* Ui- PSI a*. oU,y£tyJ ^U j^, IS .oUj>^J fc 

.ATP Synthetase ^KLsjJ 

IAJI 




r 



-b-^„2 



j^JI JJlaII Ja-b iJi^ *JkJ*i <zjy> oUu-^JI ^ 





uj~^il J-U.1 :1 ^cJIJ 
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l 



riiJWI i^l 

III') j^KJI </>LJI ^J\ «- APG :oL^ll ^ ^ijJI J. JUJ I . s 

.(HP) ^i — ill jyj^\ ^JjlJI ^J 



^iw^l^.y ibjj APG Jl ^i ^UAVI iu~J juia Lojux :JJucJI 



Rudip + C0 2 



APG 



NADPH 



ATP 



2 PGAI 



P*r 



;l 



;l 




f*> 



2 APG 



PGAL 
NADP 
ADP + Pi 

PGAI + DHAP 



:oViUIL3 



PGAI + DHAP 
C 3 C 3 

n c 6 h 12 06 — 



r-y 



ji 



o-^j 



r-> 



;l 



C 6 

^(C 6 H 10 O 5 )n + n - 1 H 2 Q 



£ * 



.« I^ai-l ixJL^JI <y» ; gJaaJ 1 .1.1 



I»^) Ul> (4) ljJJ.\ (3) J>b . 

*;^(8)^(7) 



(2)^U..lii(1) : oyUI-2 
(6) .xJ^UJI u^ (5) i~> j 

.( 




:* 



• •! 




I ixJ La) I l_L^5 j . 3 



• C J^laj <y^) ujJUc ^ j^Lo wi^Ju * l^l ;l*jLJI i^L* . 



I 



J^ULo 



t — 




0-* 

M 







. (ol^JJI) Ul^i-L Jyu" v^'^ *Jf^-« U'-^-*-. 1 o^* OL---5JI e.aia.. < a." . 




^ -Lu^.^JJI j^^TiL-aJUUx^ (jlJ^MD ol ■■■ ■ .<JI j^-. 



LSfl iiUI) J^jJ-L Jyn jm\j olju/5UI itotk&J* ~^^ 4*** ■ 
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[:4^><uJ 



-?*)Gw* 



I 



. t U J l>LL-:(2) i >. 



t^I 



;-» Tl 





J\->j. 



lT 



j iii-jtsll oLJI jbj^: . 1 



+ -^"» i 



3 




a l 



^ 



u^XJI . Ui , J ^ »juJ^ 



^f^W' 




*-■< 



;Jl_JI ol^Xllj ciUj-aSJSf 




iJV 



; - L - 5 ^ ' J 1*jj > J^ ^t ■■■■ -*i*TM 



J 



-o 



t * 




i>-**J 








_^L (ju^UJI) jj-i^J 



: ^^ J 5 " ^jJ* i»j>i - 2 



i AbjI ^1 jLo_^> ... jjJa^Jlj t j_^x) 



* t 



j*l 



%\***j«eJ\ijjjJ> r J*) ^Li ,C0 2-r iy :(o) iU^I. 



. d 







.3 






• 5J 



lT 



4 & 



_^JaJI ^jLx- J CjJj£ 



<o 



. <^j 




trf^l '^r^J' >j>j ,y C0 2 c^i; ^ J 

jU.jCO 






o*^ 1 '>^J 



'2 ^-^ r°- - 
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U* Vj • Ul Ji^o -V ^-1 J_^JI J.v.vll i>lb *i" V : ,^JUI 



. ATP J I kf*tfj5 »js.j 2 J I »\jju\ j~Ju U j*j c4Jjfjj*}l ^jJ 

L* . . Ul Ji^^i LJL*^ iiU. JJ iJ^jJI iiUJI J_^J : .^Jjl J 

ATP Jl obj> ^ 2 Jl i_ t LL-,l Jl ^ U oU^JI ^ J 

>JI S^uJI .J pss -Jl oXcLLJI * 



AL-* LiJ ^ 3 j j 1 j i>u lj 







.( 




.^Idsjlj ijud iL-LJ tfUj^J ^ J^, jUI JJ ^ a bU 

L-Sfl SiUI ^_^-^ ^j NADP+ Jl yb_, JiU >l pl>,J 

l>u-VI iJl> Jl iftjjJJ jjJ^JI o> -^ oU,j£JYI 6. 



I 




u 1 ' --^ 



A - 



t i»w W 



2chlo 



£f , 2chlo + + 2e- 
NADP + 2H + + 2e _ 



NADPH 2 + ATP 



£*>• J^ 



H 2 



. 2H + + 2e + — CL 
2chlo + + 2e- ^ 



2chlo 



aj^LJI) ,---X)l y> lifjJLaj IJij^j^SJ 



j. 2 



o**J 




^ ol_£JI jl ^ 4 j 2 ury^aJI gJUi jily ^ i-^U^JI oU^Ll 
til o^ULU (NADPHJ ^^11 JJLJIj ATP Jl 

.JL^uJI ,1^11 C LJ7 C0 2 c^Jj- J Jjuss w 

i;.2 



»/ 




C^7 C °2 



t 



j-JJI (RDP) oLi_^>)l ^L; jjJ^JI o> ^ CO 



' r-. 
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^J^'J 



.CiUjj^J^I J ;,a.T, a j ejJaJI J_>>_^ <■ UJ ^j-aJI JJ-^I eUjO* 

oj-b- .Jtc) c _>JaJI v^LJJ JbmmjJI ^i Oyp— ^Sfl jA 5 ^ ^ ^L: : 4 J - 3 j 

.UUJ^JIJUJI 

.UUJ^j^JI JJ^JIojJ*) 
OjJl> *Jl&) <j-JaJI v'W-^ Ja—_pl (V ilry*-~i^l i-3-O c5^ O^^ : 

.(.UJ^^IJUJI 






2H„0 -^ 4H + + 4e" + O 



J^^i 



2 " 



lil j* rjJA\ Cry?*— 5^1 j-u** . 2 



Jju oljLJI pj Ul* RDP Jlj Vjl APG ^ JT ^J ^U^l Jy £ jl . I . 

l^Aj Ji jio co 2 i ju 

>VI li* n*^li 



2 APG USLi_« RDP « ^-Ul C0 2 x£ 



>H\ f iilj RDP ^1 APG Jl ^ jmJI Jp. ^ ^j 



RDP + CO 



APG 






oLT 



-bJc>w" 






Jil>J 



* • 




C0 2 c^iJ ioj^JI iJ^*JJI 2JL.JU ^-IjJ ^i^J . 

.ATP j NADPH 2 

ib-^l gjljj SLU dUij oL^LJI J5LSJ 5 ■ ,,.; oU jl 




co 2 . 



irl 
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:5 ,\j>42Jl SUt^j 



■ o 2 18 -o 2 16 ^ jrj-^gsruwii^^ :.^uyi j. m 

•°2 16 J/^" ^>- ^ 2 18 >Sy ^U^JI 



2 16 ^Ltfwlj .*JkJlj .j-fc)l J 2 18 J ^.g T...1I ^U^J^I : 



bJI 



. d 





L ^. ."iUaJ I 



v^^JI J"iU a^> o-c gSrli Jaii 5. L^YI j^i J^J. 2 16 y^JjS ^Ujjl . 

. (jiU . Ul Oo J- UJ ^J^JaJI JUJI) ^^JJI 

( (1 H 12 6 + 6H 2 + 60 2 oUj; l 6C0 2 + 12H 2 + 38ATP: ^-i^J 



C 6 H 12 6 + 6H 2 + 60 2 SjJjiJI vA^ 



I.C0 2 + 12H 2 - . 



:* UJ Jy^\ Ji^JI _^ jikdl 2 Jl jJ^w .1.2 






2H 2 



j^-a»w 



4H + + 4e" + 2 



tUjjaJIjy C02 



i3 J^j^ .1.3 






jJ/IJI. 
Pj JI JJlyJIj ATP & tf >j>j J >j±S\ . 

:JI ^ Ji* ^y :y> JlJj^^^LJi j«a . w_> 

ATP. 

_^JJ jie^cJI j^ NADPH2 **^JI JJU I . 



[c-^jjjX) <■ l^aSLI iAJLJJ i^JI J> U *J> (1) ^J>JI J^ J^c .1.1 




. (2) .i^UJI J^U . (1) : ^,L*JI oUU, 



.(U 



.Ulu) ^w^L- : (^) ^:«H UL4)I kuJitl . 2 



: gJLxJI J-U.1 -l.ll 
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Ml V 



APG 




Mur+ri 



- PGA 






NADPH 2 NADP 



PGA Jl J\ ATP Jlj gjj^l JjUI & iiLLJI cJ^ 



( =8>>j>^'^^ 1 ) 



J 



JeW-1.1 






O^iU* 



l3*kjt>. 



L-jJI j^L-j^" J, 0,1 iJL^I jll* . 

...^Jl J ju^LJI J** 



° 2 v>* ~>j^ *-~* $$k\ i\j^Js^l\ jyL^jjt 



i" J-o 0,3 iJL*l jux, . 
.J. 5T ... U i^SiiLj/ Jilk d l Q 2 iLJ* J^ jjl . 

.0 2 jU J^J-i' JIT > »0>j . jJaJI . 



^jJI jJJI ^ J> cjJJI (oUj^^U JUii-l) J.i7„..ll ^J Jxli; oa> . 

:0 2 jUj*>U2j j-Uj^i.3 

:iJUi yT^I ol>JI Jl>i jljJl^.1 .o 



nm [500 - 400] ju 



'j 




^ 



5 ,Ajnfl JLJj-^JI ol»JI J> 

nm [680 - 620] ju »j 




( J^^I^Lvl) 



IL- J5^-i jLe ii«L5' 



^_5" i^U> _)j LJj-fe)l UUaJI cJ 



.1 



C 6 H 12°6 



o 



18 



t 



. HjO • 111 j# jJUall - V 
j CO, H ^jJWl JLLii jJbw »j£ : i<^ 



C0 2 jU ^J »jJi-« jl Jl* Jx U bui-o > jJidl 2 Jl jl A^X . j-jJJ 
,i L>Xi O 18 ^ *^-5*ji H 2 . Lo, j:U C0 2 j&. i^^JI »jUJ 

[ . C0 2 ^j . Ill y, uy*~J>V\ jx^u> jl C~L If ULa jJkdl ^-i%l 

I 1 



H 2 + NADP 



jj- 1 ^: 



NADPH 2 +yQ 2 



ilru*-~*^ 



J5L^ U_)^-o q^ 



1 




ft £ 



Su-* OjJ : /AU JJ . : AJboJI . 1 - II 



.iurfUM J NADP Jl ij>^j 2 Jl jftol ay 



. Jx-^ji j co ji ^Uu. yx 14J . Lfjju-s"i ^ jit Jju if i^ju-ri 



15U; 



RDP + CO 



2 APG 



APG JI^Lii 



CCLJI^Lii 



tJ ^J I iU^i I J -*&^~A 



APG 



P Jll JiljJL PGA Jl J^w APG JL 

.ATP Jl JliiU.1 

-PGA 



NADPH 



NADP 



NADPH. Jl IjS\ ^Li juj APG Jl v Lii 
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«W *>J ^>l ^^ e> C0 2 c^; ^ .jicuj ATP _)l. NADPH 



.Aj 



SI 5UUJLI lift gjljJ ^Li lil iJj^JJI il^l ji^w- J (2) JL^sdl ^| 



CO 



A" 




.^ 




2 ~^~ i 




jj& iLL. 5>uJ < j^i! L^^ a*j r ^kJI ^j C0 2 H iii^l : o loj^: . _> I 

. (^^^jji a>ju ^ v uj ,^i v ljj c^-vji la* 



•-"j-* o 1 J! t/* 5 ^. r ^*ij— iA **UjJi t*» 



jljiji 



i IjJ 



JjJ*j^£JI iUJll ^jljj jlLJ ^jjl j^,^ ^^ 



( Lr -~&n j^ujIja^oJi.i.li I 

c Lit . 2 .ATP JJ 0J SUI ( ATPase Jl r _>|) ijl. -u/ . 1 roULJI . 2 



Jj^}\ ^jd\ LyUs ^J jlkll 2 Jl jjL.au. jl uuoUcuJI oLojLJI . u 

. i^iJ I j U ,^-J j * II I jk 

.<■ jjJI Jjj»-j . :jA ^ji^LJI J*x J?j^-i jl n.Tl.v. J - I . 



OUj^^lJ^U^O ij>J. 



JLJJ^ . 1 . 



jjj-- 



:(2 .1) J OA> jjjl JxliJI pjj 

.oJ~ii J^LL- j4 :(1) JxLLJI. 

.^l>jl j^Ujj* :(2) JcUsII. 

:(2) J*lfeM.*-&.2 
I J\ Fe +++ (^5UII JujJ-I) 4jJvJ~U ^1>j| jxLL- 6i> 

. jj>^JI ^UiTL Fe ++ (JilaJI j.jJ.1) 







:iJjUl(.2 



■r^' 







: j\^uJJ jjUil JJUsM.1 - 



^ v. wi ^i o 2 ^ ^j \ M ia Ji>X- V r ^l^i : iJ - j. 
[ .^jjJI u*J>JI £>jj> ^ ATP ^ 

A IP u^—Tjjj 2 jU c > SeU( J^X- . j--JI tj^ji : 2 J " 1 j - 



D 



^i ^^-o i*Lj Pi j ADP iiL^lj . jjJI j^^ : 3 j - 2 j - 
I ATP ^-j ( 2 c » 2 

. ATP J5Lu^j 2 c > J^X *^ r xyi ^i : 3 j p LS^Uajl . 

j^\ ^Sj^ >uo ^b L^J :0 2 jU jXaJJ Juc Pi ■ ADP j/L" . 2 



: C 



Laa-VI.1 . i 



•■^'J-Jjj 



^C0 2J Lijl 



.C0 2 uyLJu ^ ( JwjTMl J-*) 2 jU jXkJJ : JJocJI . 



V.2 

(0 2 j^kJl) jujTMI J— J Uoi u-J Co 2 >jj jl . 

Pi j ADP Jl ij>j. 



l-u jl Jl* Jo,. Ur t j^aJI ^yLi ^j 5^, 



.(2)*i^Jl^iC0 2 

j - 6> LiJ jJ^. C0 2 c^i; jl . 
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: £. *ju-> fi I l _ r Lx-~« J-- 1 -*- - ' - 



J/tfl l+J ji <ii>->Lo m i^U Rudip JL, APG Jl j^jj : C0 2 dj ^ 

. Rudip Jl ^ly.. (»>&) APG Jl ^L; : C0 2 ^L*, 

^ iJ_,j*_iil oL-5Jl J^y> JL-oIlo jjly JLls. : C0„ ij->y. • -.j* ■■■ a I 




^ 



AX 
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= U+L 



<LC 



J- 



a^u >yi ji Lao>i 
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, Rudip Jl ib>,j APG Jl ^Lljo : C0 9 ^ 



.APG Jl Jl J^JI Rudip Jl ijji f j* JUL, 



Rudip Jl APG J^J^. 



Jlj APG Jl ^^JJ JL-oL^ jjl^J :*_^J! ^_* : JJ^JI :3 

Jl l~J ^a J\ APG Jl 2~S j! iJa>}L ^ Rudip 

.Rudip 



-*J 



w co 2 1 



J W-«. 
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•e APG Jl ibj,. ic^jaJI ujL^jo 

Rudip JIJ-j 

£ Rudip ^1 APG Jl J^ r J^c 

. i_J jjs j-»-5J I ii>jil 



Rudip 



ATP. 




CO 



:ia_ilJakkll.o 



lT" 



Ij— £~. 
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NADPH 



ATP 



* 
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: J_^JI r lkJI J JxliJI » Lu^lj iJl^JI 



Jx oUy j_j is^JL- -LLC .1.1 
kjo j\j i-J_^JaJI iiUaJI JiJj oU^Jjjtll 

1^ JT jjj -LjJ^.2 
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>uix 



L* 



. . it i -.juji ^ o 2 >u ; ^w ji b»%. 

A jjjl~ J (2,1) jylcliJI J-ii.4 




SHj>Ji^ 



L.1. 






oUUij J5LL iiUaJI dlb JuLL Ju^V 



.2 



LuUiJ J5^i J* j> i-xLUi! iiLWIj , JU»Sfl »jlA- Jl >j*i jj^JV 1 ■ 



»j 



, J 






( J11;>J^**A>»!J 
: iJjll^LjJI jL*OycJI.1 -I 



• IjjJI - (4) .*>, 





5.(3) .^^i^i^.(2) .cUJ^^-O) 
. (7) . f »_WJI - (6) .^jALJI jl-4' - (5) 
Sili : o ',.;^ ' *-Jl ■ ■> .<JI U-JaJI JfjJi - 2 

. J^l ^>JI : ^ 5oW.I iiJ^JI - 3 
. (2 ^^Jl ^Ij) <■ \j*$A i^L^JI rJ . 



: £ 



JbJI 



u.4 



.co 2 j^r 6j x^o l^j«ji oii>i i^jj j js-wi cwjxJi - 
co 2 oy^i ojju^o ii^ajji oL,jj-i i^y j ji-ui ta^-rti . 

.. UJ J^aJI J-I^l »jJ^- ^ il •jy^-^l - 



H 2 



2H + + 2e + 



1 



2°* 
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T', ♦ 2e" .TV 2 (7) 

TV 2 + T ' 2 J>V < 8 > 

: JuL* NADP 2 !j-1AI ,J 5»j*jll urjjJu*) 1 JjljJ ^Ujl r ' . J 

l 

T' 2 - 2 + 2H + + NADP + ►T'j + NADPH. H + (9) 

: J.LT T 3 j*> ^ PSII & tfUj^JI ^^ PSI o! ♦ 
2 P + 700 (PSI) ♦ 2 V 2 . 2 P 700 + 2T 3 +3 (10) | 

H 2 * 2P + 680 J£fU 2 P 680 ♦ 2H + + ±0 2 (11) J 

: JLLT ATP Jl ADP Jl ;>~i Jl* J^j iill* j> iJill i 

ADP + Pi ATPase jk^ AJp + ^ {U) 

rXJ^aJI IJuJtt aJUj.VI <2hUll Js. J^*»J iLUI O^iUll ^^ru ♦ 

NADP + + H 2 + ADP + Pi gJS^fj NADPH. H + + ATP + J. 2 

ATPase 2 | 

^13 t >j > ^JtA : >i^i) 

L^^JI « I^J-I i^L^JI rJ Ss <■ Ulj C0 2 i^j ^i : ^">U^— "ifl _ l _ 1 
• Ul jjb jlh:tl 2 Jl jj^u-c ji_, 2 jU y^i l±y±s. iiL. ^^ -j-^Aij 

ijjJajJI •alii « Lj J J>Jb C0 2 j^j^ ^-*«J 

: iJL^I ULmSJI SJdUil _ o 

e ♦ I I -..--. 

6C0 2 + 12 H 2 — -jC 6 H 12 6 + 6 2 + 6 H 2 

1 

. (iJ^j^Jl SkJU) ^^Jl ^y^> J* p. 2 Jl c > ATP Jll 
.ii>LJI iiUI »Uu i^^-SJI SUJU gTlji r U*s~l< C0 2 jUc.. 

I 

I 



v t/*-* /* w / w-' w ■ 



o ? J 



■ J^ 



f f f * 



'**" 



OJI ,i j.^71 Jil) »ju£I iJ— * U^i 



.A! : JxLbJI j5^» 3i t .<il ♦ 

.(ULJ 



• , fcjj r UaJI ^ ^U-l jjJa^JI ^ Obji J^ULJI j*> 2 : t -■ JLjuJ JJlju . 3 

. L$j sJu-5"*^l JxliJ 6ji> u-y-w . 

:JJUall-1 -v 

.|L^o -J" iJi* oLjjyl&l »L-il ,"u" ,T j»^*vj uyi U*Ji\ ♦ 




PSI ^ P 700 ' PS » J P 680 '^-* S* '^Ji^l J^l » • 

u3>^ iJ^I^UJI JlJuJ. :(2) XifiJjJL 






L^L-yj iJj^aJI iSUaJI &> iiUJI grt:.8J7 SJWI iA-^*^l :^^Uc^V 

.iiLkJL ,Ji Lj -5JI U-uL jui'Lj ^1 JxUJI /- 



>UJI/^L^i 


vWi u±Ji\ 


j^^VIj i_iliaJI j^L^- 


oUj^JVI JUil jji i*j W ii*^VI cru iiliaJI Ji^J 



: JJkJ Ju-TLJ PSII Ju; oU^-jiJI Jai* 



. a 



2P 



2 P+ 680 + 2e 



(1) 



680 ( PS ») - 

-.J+IS PSIj PSII ou o^l T jJlyJI ^UjL r yLi 



T 1 +2e" + 2H + 
T 1 H 2 



T 1 H 2 



^T. + 2H + + 2e 






2T 2 +3 + 2e 



2T 2 +2 + 2T 3 +3 



2T 2 +2 



(2) 
(3) 
(4) 



2T 2 +3 + 2T 3 



+2 



(5) 



:J*L$ xJbui PSI Jj. oU_,:>JI Ja 






2 P 7nn (PSI) 



700 



- 316 - 



2 P+ 700 + 2e 



(6) 



;uk~ W j, Jr i ,j ^i *«* J^i j o 2 ^ oU*j ^jwI 






.JL 



"f 



'<j$yiA 



Jl 



JlC JJi 2 J Uu i b j r->_j~< cJ*>Lf^-l : ^jJJ^yL-I 



'jfj^A 



: XL Jx j_Ji JL-jJI ^ LpJiS **AS 2 i_^ ^LJ : }jSJ4-\ * 







^ 






.0 2 tfttjsJ Sabjj ^w L: ATP JJLijj JuJuiull S^LiJ 



> .a ... oJ 



o 




jy js -. 



L_J 



J^wJIJJ^J 



JW 



L^5'j.jLfi.JUL,i,ju-5'lJl 



,yjl ii>^ll *— I ♦ -o 



:J/jM.I iio4- ioiUJI ii-oJ-l ♦ 






2 ATP : ii>^il »i* <J JU*^U iLLUI JujiUaJI iL^j 



2 NADH 2 : il>^l »i* ««i JU*i-^J iLUJI ^c Joy LkJI iL^J.1 . 



xlA 



J &d jto }±J>\ r \ • 



2 ATP : SJb.ll oJJb J J 



IL^aA 



'Ullntf' 



2 FADH 2 + 8 NADH , H + 







.^ 



J-^ 



.^liJ^JO 



I oLi^l iJL J ^ysi\ ^Li *LUL , APG ^ jy ^Luil ,^ _ 

I APG y> C0 2 ^Jj J Ji-^j ^"Vl *J ^ _0 J j ■ j ^ ^ J^ _ 

,,- ijL* -u< oljjo? J gUsYI j^ JuLL , APG Jl J ^LciVI ^L; _ 

> Ujjx J^j ^sJlj olj^l .^ ^i APG Jl Jl*=J Jx dUS Jju . 

juJI oL^LJ 




■u** 






.i-— LuJI oL^LJIj olj 



0~, _ 



.LdUS 



.2a,L* 



>^J 






j 



IjlJI 



Jn » - ... Lo jL . APG Jl xxjij Jl 



j 



^yLc dUi Jju _ 



: it^ollijljke^ (tf 16.14) tiru U ♦ 



(^ j^- 




Jl 



JiLLi, : i^UloUi"! 



. C0 2 J il;iv,„ll AjjJsjJI ili^J-l Jb 



C 



;lji oi* 
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HP J— TJoiUl .ti 




: L^Jlc J~^ll oL5^l ^h U-i £U 



^^ 



Rudip . HP . TP . APG I 

: APG jj~^ ^_ l*J i-Jill oL^>JI : ^ I 

.C0 2 oUij> »U2I ^ APG Jl gsi, : JjSfl i^>JI - 

. j^l JL; ^ C0 2 JlJuJ ,>. APG Jl £&t : XJUI i-*>)l . 

0x £JI ^L> ^ > C0 2 ^j> c^; ^ APG Jl g* : iillill i^>)l . 
.(C 3 ) APG ^ ju^j> Ujjju JmJ (C 6 ) j_*>JI **-li- iii* j£i?j (C 

i 

: oL-^yJI JuS'L? : i 

ij^lj ^ pLUrtfl > j APG Jl ^ jv^> JU LW Uil U : j^JL 





^ fefefl i^yJI jl JL* dUi Jju Jaii \& 

c^c-c + c-c-c^c'-c-c-c-c-c*-*co 2 + c-c-c-c-c 

y J\ Jjy > p tsfl Rudip .APG -^J J^~J C0 2 ^ %1 Wl J - 



(^l^-) J^l abjs Rudip i~J jl J*~J C0 2 ^ % Ja-^l J 

(^ jl Jl) &$\ j^ t- >to APG i-J 



^ 



APG ^ IftUiJl ^.j^ j CQ 2 



A- 







P** Jl Rudip oLj ^ : MjJI ttWUI .. 

. j^l APG J.> J*> &> ^ j COj 



aKjj 



Jin; 



A I P j^ JLJil J UlUI c^! ,*- : W*V 4j£jSj*4 



j;>--> 



(ATP iJJ-l iLuJI £^} dj±) 



.4 





IPWStC 







2H 2 JH* *0 



ADP+P ATp NADP + nadph .h + j 




UPv^j 7 ' ■ 



iu>JLo 




C n H 2n On 



i^JJcJI iL;IS i-J> 



^ — - 13 



iU^ 



. (ijJJuJI iLjlS j-Xj i-jli) U>~1> iJjZ+~jo L ^£. iiLUI JJu rtJs»_^ JaJii^ 



( j14 ( >j > >Dl^U>i) 

J^jJI y^>JI oUl u ak l UJ U>l>i-I ^ ^sJI oU>JI . 1 




^i^ 



j£ MJ p. ATP Jl JiLu jl ^J, 






L-L-^l "oUI J p. »^ 
(NADPH . H* , ATP) 



C*utt j' g."'"-"' 5.4.3,-, 



oL-iJsj C0 2 C * ** Jt3 jl yr.T.T.iii a t •* 1 d ^-« - 

.Lju^LJI I . ,7, r. V I i?LiJ ^ oiUI 



.«_j-a APG jj^J? J^— J i*JU 1 -A*J . 



iiLxiU iu> HP 1 TP : Lh* juui-o ,jjjjj> ^ 



j 



^ J^ 1 *-' jlP 5 Jaj . 



APGi-^ J 
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jhiIi Ja* a* jAsJi £>* 



„ • 



Jl 5^ - " 



i rj*u Mjjy ^ 



i ;sU> Sj^*. ATPsynthetase r >i .^J.*. JI 

PiJl^lATP Jl ADP 



ADP + Pi ATP synthetase > ATp + Q 



ATP 



r^ y -^ J-r- - 6 



ATP synthetase *$[ >_,> 



* ■ 



• - 



Pi , ADP 






PSII.14 
PSI.15 



iJ^J 




2 .7 
C0 2 .8 

ILL 1 1 . 9 



oULJI.1 . 



.Ul. 1 






^u^i jji^j . 1 6 ATP Synthetase .10 < UJ JJ~ r _>i . 4 



jWa*u*.11 



^ 



U..LU.12 



ADP + Pi. 5 
ATP. 6 



^ia^ii£j^.2 



iJ^JI iiOaJI Jo^j jLii-l Jx o**jj 



ATP. | 

NADPH. H+. 

02- 
:15. 14,^^1^.2 

PSI jPSII jLJ^JI,jy.UiJI. 




1' 



A 





Jt^Ld 



.3 



^ 



CO 



^/ViRudiR^^ 



(C R ) 




(1)ii-V 







iJjUil 


^lil Jfc*yi pH 

•• 


^lilJ^lpH 


J^W 


J-*Us- 


7 


7 


(DaUvU 


lJlJLi»W 


7 


4 


(2) a»ju 



-1 



'UjJjj-JI 3*i*jJ £* L-~*^-c y— ^ _>*J Ja— jJI 



. 1 






PH = - Log [H + ] j\ 10-PH = [H +] J " = p H 

L M J 



:<«,UJI -M-fell. 2 



:JJbcJ'-3 
- :JJbcJI-4 



,,. AjllJa^l^oU^-^lj^^U^ (oLj) pH 




^jlilj JiUJI (^ O 1»j?ju*J I j*S>f £jX" ^i Jy jjyj 
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J 



.a. 5 



. UJ ^JjAll JJLsH . ♦ 
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. I d»*tfjL£5j >15 ) 



L*jL^» : a . .,W*JI 



AJU 



: ^UJI JiCOyJI.2 



ADN.9 

(ATPase) aJXo ol/. 10 

ljm *£J I «• Lii. . 1 1 



* Vn.li ft J 



.(jlJ^Lj) 




.12 



.5 
.6 
.7 
.8 



^ 



l> .UU. 1 



( _ ? i>lj <. Lit . 2 



Lliili.3 



. (^jUfeill > JiUI t l>,l ) Fe ++ Jl J_p^ o^l Fe 



T 



4 Fe +++ + 2H 2 



J 



C^ 



^ 



► 4 Fe ++ + 4 H + + 2 : XJaUll * 
; _, NADP + : y> ^JjtjJ J^-4 JX-lII r ^-L"^JI o^l ^yu 




2 NADP + + 2 H 2 O 



t. I 

^2NADPH. H + + 2 



: *Jx oL'LJI i/L^ j - 2 . iiJ^I ,*-j - y 



oL^SJl -rS -c Ji.u; L^Jli L r*^J | *-** 



: ibUll ILLS' jiii^U 



^ ^ (H + ) oUy^JI ^ Ux* 
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.io> ii%jij » u,vi - 6 jui ^_> ^ j^i co 2 i^r oi Ja>^- . 1 

•i~iil C0 2 ^ ^jj[ J\ ^ i, u,vi SjuS ^Ujjl r^U^YI 
^ C0 2 ySji s\ iM UiT Ji>X' SLcuL. IjuA 1000 JUicuj iJU ^ . 2. 

. CLo> is^UJI) oUI o> ^ ; ,-^.11 co 2 Li" ab? Ja-yi 



.J_^}\ ^Jj}\ s^Ui, jLu, ^l . 



.(2 




jjjX** . 



Li— jiJI ^jUI ^$L- 



APG x~jJ1.1.^ 



•jjj, g:UI APG Jl ^ jLlJ^. Rudip £, jj^_J C0 2 g^ju . 2 



Rudip 




CO 



j-jj*: 



1 - 



Ji 





\ 



2PGAI 
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2 APG 



\ 



n C0 2 + 2n H 2 



j 



t ■ 

Cn H 2 n On + n H 2 + n0 2 : ihl*i 




ihl*JJ LLij Fe +3 J.i7...1l ^Ujl Jo: J^j ^yJI oUj^JVI .juLiJ x^ 
JU ^ -jU,^£)I J_^JI r UiJI £>>^_ 2Fe +3 + 2e- - 2Fe +2 :^JUj 



oUj^VI j^ fZrt *- J^l r UaJI JJmJ «- * L*?l Oiy i^ 



.CryN-ZVI jlk/X - . UJ J^ jjrf 



o*dl 



,Jl£ 



.ADP 



l jL-J 



■uyjjl 



.ADP Jl IjLJ cAsjjJl &X 





•i 



J^ADPJU^LJ.* 




♦JaJI J *S5 Jb»S^LJI Jji— • 




c*k-JI au oUy^JI >J> J JjoJI Jljj J\ #& "FCCP" j^j 

ADP J! *Ai 

.>LJI , APG . RDP xl**S ±\ys : 10 Jl 
•>LJI Jul>" jI^l-Ij . APG . RDP :UoU : 30 Jl 10 j« 

RDP jLaiJj APG .>LJI jbl>- : 35 Jl 30 
RDP^b" J^U .ajU J APG ^b ,>LJI l*J oU : 40 Jl 35 j 







. v-^ 1 oL.^1 ^x H + oUjjjjJI jjj; is It 



ATP Jl ^ 
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ADP + Pj ATPaSe , ATP + H 2 : ihUl 



Ih^k 




ij>i J j PH = 8 .L-j J PH = 4 oli o 



i 



5J 



J5LL ATP Jl ^ j -_ ,, jLfll 



- pPH = 4 



iPH = 4oliol 



5J 




x^ 



^ 



.ATP^-oa^ViJjJI J. 



ATP 



r-rH> 



, : »>^ 0*j . 






2.r*UrT...ll oLoJaII i>u ii^jjl . . 

■■SM 



^Ual* t mJ I lUJUI 



UlJlill^ 



JU1 



.ATPJI^:^ 

V', H ^L^| j ATP ^ Jl ^ ^jJil i^sj 

I ^>i h> ^ NADP + 



H + _J 



: OUUI ^j j Jai^JI ^ oLcl . I . 






- 




c^tf 



•jja 






: ay*-ij-»JI uu ii^UJI jua^ . *-> 



_ .(18 ^^Jl ^J. r JL ii*>UJJ J^i^JI * 

^UVI : -^IkJI^^^L-.VI 





I , -II oLSy I J i^LT iJL*-r iiU, Jl JU^I ^UJI Ji^jc : ^^lJI 

^IuUIJ>^ 
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t 





:: 



f 





1 
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. : %1 SL^ CO, J . 






'i^oU : 300 ^Jl 

L+f oly. ^^ L^is jjU APG 



u ..I 






3 ***** <> ftLr* l/* 5 L^" 
I RDP 



>u dSbj- ^ APG 

.i^L, <_^JI Ok* Vj C0 2 ^Jkj APG Jl Jl RDP Jl J.^ . 
.C0 2 vJJ^.Vj ej ^JI cJkj RDP Jl J\ APG Jl J^ . 

>s+J '4l>y>j ~*J>j*j+£ ii>_^ :uy&>-s> J Jj*a)\ ^j^\ iJUx p- . 
PH 2 JiLU . 2 J^UaJl . ATP : L^ got :^^^-SJ\ Sl^ll . 



<u 



MSJ 



i-Jjj?_^-5Jl ii>_^l jul^j 



2APGJff RDP JUCQ 2 



-j-^JI iU^il J .U^J iJ^.~-£J 



i^uLaJ 



rb-n 






* 
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:JJi*dl.4 

-ij RuDiP i-J" ^Lj . 



■M 1 v 1 ^] -*Jj^ »-^j *^j^. 



APG^ 



~W 



i './ - 



: ^yjxs^y i . 5 



h l^l^yi^ 




J5") ^1 l^u Jl V^w JuS^ I jl . 



* • 




RuDiP 



^JlTiiU 








RuDiP jl-jjc i,j -i . j. 



CO 



2>^- 



.WL/Jflyjjj 




.C0 2 ^Jj B 111 y> jlkdl 2 Jl ji^ . :oLo>JI . 2 
. j_£i I ^5LJ I o Llj> * b ^1 J> jl, ^ I j U C 
O^UI >_JI okrfc . b J J>jb ^1 jU 2 



..^Jlj.aijPI jADPJ 



. ATPJI^LjI^JJai.U 



■3 






C • 



..UIj.>oJL : 2 JI C > v JJa^.. 

.*UIj Pi . ADP , 2 i*^l. : cl-ll jCt; v Jiko- 






2H 2 Q 2f 



4H + + 4e ■ + O 



-fl 
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:ell 14 Co 2 JU^I Jjuc. 1 

Mi j* i*UI ol^iL ^ tfj ^ ^_ 

: c^- 4*i~- J fcAl >u^ Jll^i ^ ^ji . 2 




-O.l*«o 



Uj Olyu J^ fc*? 



H*^-^ 







DjJLi . 3 















co 2 c u,j ^ t u«ri 4J ^ ^ j x _^ . 4 

APGJ. 







kJ-lixJLaJI-,^ 



<_yJx C0 2 gwj ^_ . 6 

■ iJ^^SUl a^ti ^ . : ^ C o 2 jU ^, ^ _ 7 



C0 2 jU jj. 



:(1) i Mi\XM,A, 



••C0 2 j .^l j_,>,^ ♦ 
RuDiP jAPG^jrj^-oU. 



. C^U^I J^j j^r) RuDiP M'Jijb- 
( t U«1 i^j ^tej APG M*u^b ■ 
C0 2J < _^JI ,^ RuDP _. APG ^ J5- oL; 

(i^sui ^ gbsij j^i) j^^l l^o jr 4^ . 

c °2 v^ J APG ^Uttlj RuDP jul>- 



i;.2 



«y. 3 



• ( Jw*) ^-^ ^J. -ui>- ^ RuDiP jgfjs . 

•*«0 ^j (J^) cil^_ : APG ^|ts - 
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dlh pju ATP J! J&Ljt tJ j^\j oUj^SU'VI JJu^o ^_ H : 1 Sjkil . 

Pi .ADPJIwUJ 




larj Pi Jlj ADP Jlj tJ ^JL oL J7 ^)1 J_ 






-ATP Jl ^Jj hjj, JyJ dJi. .ATP J 



i-^ t 3 Pi -Jlj ADP Jlj oUj^YI J-. 



:^> >; : 3 ft j h i I . 



..j-^JI^LJJcUjj.ATP 

v LiJ oUij .ATP Jl J&£* X- Pi JL- ADP Jl. ,_^JI AjffJi : 4 8j Jail . 

.oUj^&WI J . ia^ 

20) i^Li iji ^_ a^UI iij^JI i\ji\ J C0 2 ^o . :^jLJI U>^i! 

I ^-l J\ JJi jju Loli OSjJS J 5* U/i'l ^ilLl juu ^ CLjll 

51 lo> i^^i U ft&\ J C0 2 ^ i^^Jl J^l 






il/tUU^J^jLi^j ( ATP + RH 2 ) IJ^j^SJ I a>^l I J 2j_^l I ,1^1 



j j 'j- 1 



l.j li 



-j ^LJ^JaJI iLJaJ^'l iL— Ijj 4 .<a :.<J 1 i-jj.jjl iiQjl J_^>»j 



»o 




I 



o 



Ul 



-H^ 



Sdi 



♦ 



7j ^Jit-J- (ATP + RH,) 




(2iLJjJ') 2 3 .' 1 18 jo-JI^L, : 



2' V^— './ t/ 3 . ** — «U*1 

Jak*ll.2 





li-J^iloULJ 



J.I 



(xJjT>Lj) ^-^.(4) ,i*«U UU.(3) .£Jli^.(2) .ajuLJI o}U . (1) 



Lsyi ^ iutf iJL-^5* iiU> Jl iJ^JI iilkJI . 




;LJlJ_^:. 

•*i.Hud| 



l^jj^JI J~UJI) ^jjJI y^JI uu^jJ^JI iybUiJI . [I 

. 2 . iiJjJ I ^^l. JJ^.2 
.i^Lij iJU iL^iil C0 2 ^S ( 2 j - 1 j) ji 



i*U0 E + ADP + pi 



C0 2 + 2H + + 2e_-^^[CH 2 0] n 

ATP ; 



> (ATP synthase 



ATP + H 2 



WU ol/JI ^^ j^ ATP Jl ^ ^ . y 



; ^J 



^Tj 



^r°- 





1 




^^'^^i^oi^u^^f^^^ 



2H 2 



jjJad 



»£N 



J 



<r^J 



■uJ-Hum JlXaSUS 




JJUcJ 



•Jy ^ '-^' ^ jl r >U=JI ^, J.S'I J,-Uj 6 JU> : 

v- t Uy,J ^ _^ DPiP auju (* 8 - j) auui lu 

J^^^'^^J'j-^ji^^.i^lioUjuji ,,^_ i-.msjuy 




I0 2 ) 




■^Wi jj ^ ^r>^i ^ ^f ( o 2 ) £ta .j ^^^^ (i ^, 



^.♦UlljV DPiP 

^ ,r --rJ^^ ^ w a' J^^"Ji li8 = j) ii**JU 

-i' ^->^ ^u^ri j^ 7 i^ j^^^ e ^ J| . f j • 

•NADP ^ ^jji j.^, ^^ UU| 



/Hi) 

;NAI)P + 4H + + 4e" 
/H.0^2NADP 2± 



4H + + 4e- + 2 
2NADPH 2 
2NADPH 2 + 2 



^M^JjVli^laJaU..^ 
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■iiUI ^-j ~^ui 



.2 




6RuDiP \ ^^ (J\ 



—*® 



[T]adp 

[TJATP 




12 ATP 



12 ADP 



^tfiJLU 




12 NADPH.H 
121NADP 




-j[x, > 6 -b 



lju* _^w y-^~' 



J i^j^aJI ATP oLjj> i^ -^ - 3 

:RuDlF 
ATP^j>18 = 6 + 12 :,y. 



:C*UUI Jl* OycJI . 1 .* 



C0 2 13 
<L-.14 




I. 7 



ADP . 8 JujTM 



.1 






i Pj-9 

5 ATP. 10 

7 NADP + .11 
NADPH.H+.12 



H 2 0.4 
2 .6 



ft dU 3 



;.2 



[NADPH.H + j ATP A*\] iJ_^_^JI ^l o,^> ^ .^l ,j* ^ Jb r 



^, jui ^c^ jLa^w jIJJJI NADPH 2 j ATP ^ JT v~i>) ^j> U-& 

■UL*; £,jjj. i,jj^ (ATP + NADPH 2 ) i r J_^ J _^5Jl U>^il gfljj 

igSlaJI j-mJj . 3 

^i • _oJI ,^., ^ RuDiP j APG ^ J5- u_S>" J jilp JL* . 

.iyiJ APG JI^SVjRuDiP 

i < ), ;U Cv-^j ^ ^"U CuU ^i. ^.U- yi> JSU; ^ j£^_ APG J 
,n KuDip J^J j JJ-r * C0 2 ) APG Jl ijjJh J>^ jj&l RuDiP ^U 

(APGJI 

.APG Jl J> *ji JL* Jjl, Ur ^L^j RuDiP 

iNAl)PH 2 . ATP) i^>^JI ii>^l griji u*UJ J**i- Hj ^ APG Jl 

.(23 l>i ^JI t >l J ) ^ tf iil> ^ j 

;j» ^Jl o">UUJI ^jJ j*j^ . 1 

[ .yu : (2) J. 

I .?>j : < 5 V- 
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Rudip 



T c ° 2 



APG 



I 



**'*'• 

&* 




ATP 
ADP 






ADPG 



PGAL 




NADPH.H 



: J 30 - 7 UA > I 

^ ««* -^ ^ APG JJ ^L^V 

pLifl APG Jl ^ iU^-JJ oL-JJ 
i^dl oL-*SJ1 = i-JjuJI oli^-Jl 

APGJI.y. 




NADP 



•r> 



1 




ii>^ll O^-tLflJ oiiy «- jJJi-o -la—, 

Osoir^ 1 ATP JI -> NADPH.H + Jl 

£jIj£~J\ rLiJlj Rudip Jl xojsJ 

:IJJ APGJI^ U-^l i~JjlJ 



H-,0 



l i° 




>2H + 



juJI oLJLJI ^Ul uiiyS 




APG J 



C 



.;'. 



v-5-3 



* 



.Rudip Jl OiJ^pAiJ l>J 




•alii *Ls& *— JL 



( J25 < >j > ^i^Lki) 

"2" J^-J!^ olill 



.L*> *£**Jlj iiLU ijUl U^j * l^fll C0 2 -jSy jy 1SU JL* - y 






AXjlJj "^ iSjJll C0 2 i*^ £,J& <_^' *J*X - 



.2 



.L>-20^UJI^ 



* pl J! 



, ^^cj (.j^ii oW*) r"^ 1 : -*-* 



.«U 



Rudip + C0 2 
APG + ATP - 



ADPG + NADPH.H+- 



2PGAL 



^J5^J 



5PGAI + 3 ATP -- 



^^Jl^^ilo^UU:^. u 
^2 APG 
^ ADPG + ADP 
*. PGAI + NADP + 
* F.6.P + H 2 

^ 3 Rudip + 3 ADP 






: r~ 



;.3 



IV .ADP, NADP + jo 



APG 



V-J 



COo^ 



i:o 2 ^l^ !jJ ,0 2 j^kjj Jl i,j$i 



2 V 



6,^ 




il^l 



J 



^ 



.OgjUj^JU 



rj 






rJJUdl. 









NADP + j Pj , ADP ^ i^fT >y 




.C0 2 V^ ^^^^^J' *1>JII Oj> »JLC '_ y - ^^JJ" 



(54^ 




: O U LJ I J* OycJ . 1 



) 



. 4 ^j-^> Jb>T>Lj . 3 ^i^L_i .2.1 L. J-r i_) i-— L/tfl SiUI . 1 




Aj«jLaJI «Ljj JjjiLo : jljjjj 



H 2 



j_»-»w 



NADP + + 2H + + 2e- 



: ^cflUttsJL I .2 

2H + + 2e+y0 2 

*NADPH.H + 



ADP + Pi + F ATP £ 



ATP 



^.o-^ ,jj»J * LJJ 



Jl JUJI JSji *- 2 Jl jXlaJj uiijJ jl . tt. v 
:^ JJ^JI Li* ^ 2j!UI oU^^JL olj^iSUVI J.Sv „, ^JJI NADP+ 

L-jTi .jl-c *- ADPG Jl ^i c — APG Jl ^l c <^ C0 9 ^.L^ 

^l.^-iJ^I J-JLl—. ^ ^L^ — (^U ; | iJU J L^iT) NADPH.H + __!( 
; Jl j^LjI oLi ♦- . Ill JU V U. 4- ^^^JUI iU^tl ^i oUyj^J 



lll^l ijL-^i *-ADPG Jl^ APG Jl J5LU — C0 2 *j-^jcI.P 

.0 2 Jl j*>Lk;l — .UJ^jjJI JjUJIoLl^I ♦- Ujuj^j 

hU, oi Jx iJ-Vj APG Jl J ^LuiVI i^ ^IL-jl jl : i 7 ^l J-J . .> 

.Rudip Jl ^ ^.jil C0 2 ^.^ ^ li-^Uajl 

APG Jl ja *±&j^ Jx Wi i^ljuJI oljLJJ ^UJ-^I J^LiJI »ibjj 
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It 



«i!-jr J*J3 r ^ y 4- 



J' o' 



•^.jl>^ 






*jUJ. J.'l-J* 



J 



jx>- A' - 1 - c p 



/*"* 



• •^SJ 



ATP Jl j^j :^fc h :r Li\. 



.•j^JI. : ATP JIMsJlj 2 Jl c > J> J-r i.2 



Pi + ADPJI a* 



., 



iU> + ADP + Pi 



ATP 



j 



^ ATP + H 2 : ^* ATP Jl JSLls ibU« 



l>» 



zJ * HI oi^ ^ ^ ijuc ci^L- — ^Jdl 2 Jl U-J ^LL-jl . 3 




■JJlC 



u*J>JI iL-L. ^ oUj^Yl ^ ^1 3Jl* JtfxJl ♦- oUj^^lj oUy.^JI 




J\ oLi c Uj -K- Pi + ADP a&ju Uj^-JI Jl >-S>JI ^ .—> iJill 

. ATP Jl -J 



.1. 



I 



6 ADP 



6 ATP 





6C0 



12 



APG 



o"—tj=r 




ADPG 




N H* ™ 



1 

\ 



o 




P^'i^Jia^L) 



2H" 




*l>jl\ nj\jj J-t J a v n" ij 



a>^ll jS' jL^LolS^ jLJb.^1 . 2 
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. APG ^ J-T >_^>- j_^ %1 = . I^l J C0 2 L-«J jj& Uj^x . 3 
J VI JOSLidl oL*£JI = U^ j* L J5* ^ iJ_pa I o L^5U I jS' l*U Rudip 

. Rudip >SV ^ ^i APG Jl ySj 

J ^ J^*>L %0,003 = . \j^\ J %C0 2 4 ..■■•, j_^j Uaic . 
APG Jl JT J_p^_ J Rudip Jl oU ^ f$\j ^^u U^ APG Jl i^Sj) 

.L>- C0 2 ^LAJ APG Jl Jl Rudip Jl J^Xj Rudip Jl Jl 

L; ^ 7 JLiUll J L^bci ^bj APG Jl J ^UJft 

|lij__jj 7 i_JLJI /-« ' IjjoI jj^^LJI J j-f^ 5-L*-i*tfl Ijui Ca> J ^LLkJ^L 



^Ujjl . i . 4 



£ 35 i-JUl J -J i*J JlcI Jl J-^J jl ^ 
. iLJI u*J" J J A>-uj APG Jl jl :rL^,' 



6 C0 2 + 6 H 2 
Rudip + CQ 2 



Ux 



2 APG 



6C0 2 j 6Rudip 5 APG iij> 12 :j/JU i^j> JSLis v Ik-j lil 



fie^j^j 



) 



Fe+3 J-a astf) oUj^J^I J,.i?...4. 



t C 



> iJI.:0 2 Jlr>i»j^ - 1 - 

•(io^JIJ 



2 H 2 Q + 4 Fe +3 — 



4H + + 4 Fe +2 + Q 2 . 2 



NADP + Jl ^ ^^LJ I JL^JI Jju-il . 3 



2NADP + + 2H 2 



2 NADPH.H+ + Q 



. Lr ^LJI jyblij i*_jj _^ 2 Jl jy+^l jl :,MAJI J . (/. - 4 



yL-iJ dUij *j-iJI Jj->j pXj 2 JJ cJXf^—l JI_Jb :c_,^aJI J 

♦- (Fe +3 J^ OiLT) oLjjj&JYl JJLu]^ 



(),JI C > 



2 J 



ju J>JL B iU^ll J">U iU ,„tl 2 Jl --J J-ii 

j ^:ii - ,,u o 2 ji i-_^j . uj j^i jj^ji ^ ^.>i 



-P 



> r- 
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:JtjJ.f2L&. 



C_J 



10 
920 


9 


8 


7 


6 


5 


4 


3 


2 


1 


*y 


210 


160 


130 


20 

















C6 - P 


11040 


2520 


1920 


1560 


240 


144 














ATP 


5520 


1260 


960 


780 


120 


72 


48 











2 







12 x C6 -P obj> J.U = ATP Jl olLj> JAC : J4*J 



6 x C6 -P ollij*. ja£. = 2 Jl oUij> :jx 

60 2 jAk*j C 6 - P i^> ^ jt^JI ^5>ll S> U5 ^ s Jj3 J^ J *A 

.12 ATP 

COo oUl»u> *o* jl_i IjJ 6C0 2 u r J 5jji J-J" 

.:&> 5520 = 6x920 = 10 lV _- J 




.(UiA-J 3v^>.4 



( :28 t>: j > ^l" < L,Lvt) 

^Jai-I ixJLJI ^ ; ...h. «J I . 1 - | 

* * 

. 3 .J>\$ .Hi 2 .^> J l>.Lii. 1 :oULJI ' 

:JJkJL2 

i ^ jr v L_iu atp ji jiL^, ^ r^jj^i a*ji 

.«_^l v ^ ^j ATP Jl J5Li^_ jiJLJI il>^ll 
..^Sjlj UjlLI oL^JI ^ Ji" ^L* ATP Jl J5Li^ : aJUI a>^i 

..jjji ^_* ATP Jl J&£sj uL^yi il>i 



«y o^ j>>j r-^-J ' 




.- UJUI ^i Vj jL; JSLi^ ATP Jl JS^* :i_ULI il>^l 

oU^JI ^ Cj x- j j> 3 ^j jl ^yi ii>^L JjSfl ii»^i iijii. ^ 

. (ADP Jl Syui) ATP Jl JSLlJ ^ JJ-r * J, 



, ATP Jl JiLi; jl ^x^j t^yi iU^L iLjUl il>^l i^UL. ^ 
, - lk^ ATP Jl JSLi: ji £-^~J ti^yi SJUjll* iiJUl a>^il ^Ul. ^ 



^/^^JUULv.j 



1 X ■ 




.CO2 ^— >L-£j * _^JaJ 



j .1 2 Jl J^UaiJ ii>X CJ -^JI :^>_* C0 2 jaj* J^c : 2 j i 



;^i 






•j^JJI ii>^il oXcU: fS 1 C0 2 s->L-C ^i : 

NADPH2 j ATP JL ik.vU ^_J_^, J) _^5J 1 5LUJLI gjl^j 
IU-JI otfp Jj jj& Lr Pi j ADP j NADP Jl ^ Ji' aJjW 

. 2 J I ^lkii ^i * UJ .Jj^aJ 



-r^r 






- , ^j - -<H *1>JII u")ULi" jlJa.:,.T Ja-,JJ C0 2 a si 'e>\ JJ_c . 

NADP Jl (,j^) £.*.-J ATP Jl ,j^-Jj ^l>^II JiljJI ju-TUj 

.0 2 Jl jJJalJ • UJ Jj-iall JUJI oav Pij ADPj 
>^l JJI^JI JiLU) 2 Jl J^iaJU c LJJ Jj—^l JJ^-JI j^ - V 

oL^ I JiLjj j^_^ (ATP llj NADPH 



■i ^1 ^ ji l^^-^-^ji a>^ii ^i co 2 



k-^. 



:-] 



Aj \ t 




:JUI JaJa^l Ja^i^JwJ 



-J^^.JU I iJ*^ I 



2H + 2 NADP + ADP + Pi 

2 (| 



j, 



NADPH 

ATP 

+ 

O 




jj~^ l ^A 



lUi 



2 J^UaJ 






* 



I Ju^' li 




.2 



vJJ^. ATP Jl v^-Ty jV 2 Jl J5UUI j* ATP Jl yjfp y 

.x-^l ^ LlLj jJJI ijiilj ^r^J' ^-j-^" 0>; oUy^l >^y J £jtf jAj Lk^-i 
1 .ATP Jl ijji j^u jjjl oL^SUl Jib Jl S^ii-I ^ olV.,.JI ^' ' Ui 
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J, 



Ait ^ PS II jli oU.^SJ*) J*ju>, DCMU Jl »^ :U1UM iW^I 



^ 



v JJi-^ AIK J 



JS Ll&ai oUj^J^I Jul-o ^ -jU.^SUI ^>^.- ^ ju^I* PS I jj » 



£ 4-*^ 



DCMU 



c _^ 



H 2 



I 



i t 



C0 2 c^Li 



2H 2 

\ 

PSI -^-^ NADPH.H+ 




1 



e- 



CO 






oUj^J^I Ja^ 



iJaJ^I j^ ,-^iJI V 1 -^ gJLssJI ^ jLkiu ^ aiUJIj JuJUJI jU»^i 

.4^" V PS I j PS II iJ^iJj 

V UU oVxrtJI >i>" £jJJ ^i J> J5Li^ Ji ATP Jl J5Li t, ^ . 4 




( J29oj^j»aji^t) 

. Ill yb Jj-^JI ig*£jJ\ iJ~£ ^j-s Jlkll Cfiap~Sj$\ jX^j> jl g&l&J .1-1 

" 8J S (12) ► lk*^ i-JlT ^ . Ul ^ oUij* (6) jJJ (I) ibLdk — >.2 






'j^j j 



!L ft^J 



UL^ 



^ 




LL^J L> »-o j^ialUi; lj*j j^oU 




cUljl U* Cirusu-i'jl ijS (12) .U2X7 

.o">UUJI J Ji-ljJI * Ul y> ^-J o^UUJI ^ £ 

.i-^Jji^iJI ybl>JI p>js J oj^yU iJLi> ^ J& (o) ZJiUI li| 

uy «ftU)J .: i**-jJI ^i . C0 2 PPm 300 - ^ : - 6j jjl . : JJ^JI . 1 . II 

.Ja-jJI J C0 2 j/y Oilj U i^U ^J>bJ1 v^>JI 
i^^i? U .~j\\ ^^ COo j*?$J>J *Jj*laS\ «~^5\jJI "iJ--i cru ii*>L*JI : j^lo,.:.! 

j- ^ Silj Jl ^p>_ Uf C0 2 ^ LmLv oL-oi" c~JU JjJJI oL jl . 2 
.i^LjVI pifc^U ;...:..^l I ii^wJ! bill JUS" J ^LL-jLi ^'^jJI v^>J 



- 343 






lo'Jy-'.Jjl >-$">■ rj-W ^ ; J> **ljj) oL-«^JI • Lii JLo%- 



:y ikj. ATP Jl JSLi; jl £^~~u :jrL^-7 



(PHJ 



& CL 



MS I 




.ol £JI <■ Lit i^ , !>L- . 

PS II ^ oUj^j&M JULaiJ ^_ DCMU Jl »iL^ jl . 1 . 3 



H 2 



\ 

.PS 



T 
t 



\ 
-*• PSI 



* NADP 



CO 



J: «" ■" .! j-° ij^J ,»-^ PS 



j^ i*ys-jil T JiljJI v>-- DCMU 
jk>^ %i ^j^SJl * Ui ^i PS I i PS II 

• • 

PS I Jl PSII olJjjsSJl J^^. ^ 

DCMU Jl ^^^ :JjSflii>Jll 



1 " . 

1 <UA 



PSI 



.0 2 Jl jLk, %i . Ul JUju *^ jil -jUj^ 



.C0 2 ^i, *5U ~^jL\ JJlyJI JSLii- ^i IJJ *jU,>£JI ^1>>-I ^Ja^. 



H 2 



\ 

-PSII 



■ 

\ 

-i i -PSI 

t 

DCMU 



^NADP+ 



CO 



UA* PS II jLi DCMU Jl j 0^.^71 J^^-o ^_h :i-jUJI a^Jll 
iy^/Yl jJk^J « Ul jl^^i tfUj^l JJLi-, ^JJI oUj^fl J^— >j>J 
5 j.l -JJu-J'i j^c tfUj^l ^^^-! gjiu-j ! *^" JJJI PS I ,>c lO-.-x, ^j 

.C0 2 c«^ ^i SU^JLI JiljJI J$-i^- 



1 ^ 
2°2 

t 
H 2 

i + 
2H + 



2e 



DCMU 
^ PSII 



1 h 



1 

PSI 



+ NADP+ 



CO 



Uj^VI J.JLT - 
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(>i^pH) 




ATP 
Synthase 



(^>pH) H + 

ADP + Pi ATP 

^_c~> t *\j*M ct\s[j)\ ,J ctMju&p JM.\ JU&Vlii 

NADPH,H + c iul o.o ATP ^j 



2 






k 



32 




S) 



^jLJ-lj Ji-UJI pH Jl jjL-j Juj. ATP J! JiLi; f 



:1 io^JI.I 

rgJLJIJJ^.I 

.xj^uj 



. LjlcLS ^jU-L LiuU JWjII pH Jl ^ U x* ATP Jl J5LiJ :UUI 71>J>\ . 



J ^jUUj J>DI pH Jl «J5L£J ^ ATP Jl ,^Jj f xc :iJLUI il^l . 



ATP J 



r^y -^Jv- 



. (^juli ^jlil Ja-^JIj ^l> Ji-UJI Jx-^JI) ujk-JI pH J JTte.\ . I 

.iJJUoli/Jli-^L-. 

:^l Ji^U^l^^yJI.2 

J— «J ^sJl Cj\jjJJ^J\ ^LjV « III »JU»ii J^C LjuJ? Jj>JI .jJlII ^jl" ^1 

J^ Pi j ADP Jl ^ ATP Jl +Jj d \ oLJh, lie i>)l J 3J ^ J* 

• ■ 
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,J jaJJ Jl j^ Ltf C0 2 ^ UJj oLj" c~_o ) x^J^\ oU jl . 
I .^LJ>'I ^Li^Jb S*s4l X^^l i»UI **& J JtMmi\A J^\ <~Jjd 



ULaii Jl J^aJ C~> i^LJ^I Jx i~-JI >JJb y x JJ V ItjjJJ JL-Jl . 3 



£*J j 



Uj*^J Ijju*-o "5UU ii , ,,.:)l »jj» J-ii :jJ;q .t.H o — JL - 
■ ' .iafrl^fl gij J! *& -W C0 2 

.^L5L-x~/^UI Oj^JI *l-i? 



1 



(730: 




! 



) 



^ Ji>^Uc^ .AjUU-il^k^ciiilj VUUI <3-*«J «>aJl Juu LJe.1 

, ; ^o^o ^i Jl>loUoUUSVI VI f 25 j*_t Jl J-art -of (1) JuLJJI 

.(nm) ^o^L; 575 j 550 Ca, 

■ LJaJI oLc.L*-il ^-»-> \*-tjAj ijA^t 

:Ji>M: (1) UJjJlJ^^.3 



yJUJJI JJ ^ ^^i*i ^j ,25 jL^I Jl J^j Ujb-j < Ij-s^LI oUUS") 
2 UJ Jl Ji>^) J**)l U* J o^ 1 ■ U^ 1 -J^^J a^_^ J^k» ' l ^ ai 



L _^ J JI .>-.,.: IJJ « 1-iwLI oUUui^l ^^i . I^J-lj « 1_j- — II vJUJoJI 



j 1 - 



. s 



'iUC 






.1 












T 3^ 



3^ 



Uj^WI 



j T iJL-Sl 



PSI Jl iij«J 



)l 



PSJIoyJ 



tJuAfl 



U.^J)' 



PSI 



PS 



t ou .^7 



3T 
2T' 



3T 



PS 



(II ,l)2 
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ATPJI^T.; . 



fj^l rjJ^l ^IjS ,1,-fiJ : J 40 - 20 i^AiJI J 



L n *>..,».' OUjJ" j^-JJ ci^Jk 



- > ,• 



i-L 



ft 



Ur (L.jlJI) 5 




1 5 ^ j--J I *>'lj ) A-J^JaJ I ~ijA 



ii\^j.\\ 



It Li?*yi« i SaLi/i'l 5jl£ 



(:33^^i;uL>.fl 

ilojl ^UaJJ ^^aJI V**^ 1 "^ t^V - 1 







.Cuikii o 2 jl *^jLf= u'o 2 j i » ikp i>.ja\ o 2 j i i~j £* &+:. j 

j-i-j-^JI ^5 w ^yLJI *JaiJ j^ ^^S - ! jJgUiaJI uLi ^i Joj_j*s]\ iJaiJ jl Ji>^ US'. 

oL-UJI ,y ^Ukll ji ^-^...J . 2 1 
i. U»"VL ^U, -J_^J JJ* uU ^ II oy> ^ ( 1 <>xill) iL^Li. ijtij^l 



*Jj Jail 0-U..7J L y »— £j *^^J 



.(2,^11) 3juiJI ilucjJI 



;^i 





.%25JI^>^. 




Jj-Ui 





.%70J^^I 



" .UL- 2 Jl jMkJI pj Ji*. Lr «*«, Or ^l 2 Jl ^%: , oUI jli JJUI 



Q34 : 




t 



^n 



(Lo 



) i~-U SdLo . (2) . 

^jX>^yLu> . (6) . « 



i5L-i.(1) :X*iJll jh^UjJI . I- 
(5) .. ^.,t» « Ui . (4) ,ol < 



. (* LU) JjL«-0 _,X» (^) j^gtUD A-J L-o-S-J I 4 « . . ]? I I . l_J 



: JjjJ-l jtj'bj J» i^aiki— il oLo_^L«II .1.2 
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I. ^1 J oUjjjj^ll >^i>- V>UiJI .Jj L, 




<»-j 



:2 ioyr^J 



Ju ^ : (;_jl) 4- »ka) l . 



.c-U 



rj 



ULI 



y oUjjj^JI >^^ ^1 j- 



^Lu J^% •» U^l ,y : (£ ^) i^ukiJI . 



^jJI ^ ^U-l J^-jJI ^ oUy^l jA? Jsb«i : r ^iJI J U a) i*kiJI 

i^^Uc^/l . 2 



•l^^JI aUlJI ^ oUj^JUJ «$> ojl^ c ^JJ jlJ^LJI J*j* &* - 
J\ l^z-JI ^ >^>JI gjJb" l ^U oUy^l JU:L . LUJI r> i^i iL^J 
^^1 ^ oU^^JJ ^Ip o^, J>JI li* y*! >^>JI ^ o-5U O,^^ 
. ULiJJ ju—. LT^. UUx Uj-J' j^ ^L^jj+S £jM olj>| «/ ^-^. 

ji j^ jkVi j^^ji ^ ittfi *io*M -** l.j>=-j | -^ ^^W e!>t 

.jA? jAl Ja-^JI 

I :— LJI.3 



^U > >r^JI £j a; J> vU^ ATP Jl JlA^T* VJIJ oUI 



i * 



.ATP Jl J-SLid oUjJjJI Xj> J i^ii 



i :JJ^JL4 

L*jJU JU^^L oofMI «-^ J! •^VjJJ J>i ^ 20 - - e >OJI ^ 



JJI 



LT* 






ATP Jl r J\ U t,;, ^ iJJdl oL>JI 



. ATP Jl vA? > J--i jVx^ 
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2) ^j o s .ULLJI £>.j* ^ Ja^JI ^ 2 Jl r _ 



J j 



.(3) v Li. Jl L_^ 



J >>5~ 



2 v_.)Li- j*i Lf*gmj *-o (3 



2NAD^a (1) o*>ULLJI J. :TLyb. 

8NAD :^ (2) w/jUUsJf J. 
2FAD 




38 



ATP 



- %J**\ 



Jl^fJI l _ r jLJI J jj£j£ J^i ii^iUJI aL-oJ- 



. Jl^l ^-LJI J*>U j_^Ji. J J S^iUJI aL^J-I Jii iLJJI >.ub . J 



G 



36 




& 




r 



60 



i*,j ^LL-jl ; : ..,«;t1I u-UI ^ ,°45 - ^ : I ,^dl JJu* . 1 

.jiii i^ui ji j-j 4 

^3 .Jjl^J AXj—; Sjl^l i>j^ frliJjU i~-dLJI SjuSJI Ja**C2 »°45 



liU^i^^lc^ULLJ 



• A 



i-jjl iJuiJ 



o: 



LI. 2 



:dUi 



.- 6j l>l dujyj^ L^UJ /U; ^sJI ok^l L* r >- < a.i.T.1 1 XjuUI o^UUj jl 

((40) j J ^*JI^.^Jl>Jli < Ul cH i;) : j- j o 



C0 2 - K « P — G . i . 3 






M z O 



j. 



.a^miJI oL>l . L, J C0 2 -j ^ULI 2 jJ-Ju . 
.S^mJI oLj_>I , U, J . ILL ^ULI 2 Ji.ju'* . 

-*-2H+ + 2e"+y O^UI^o aUIj S^UiJI .Ltfl 2 r >, . 

r^-Jjull sy>liaJJ aJL.x-.xJ I i) 3 1*1 I . u 



C 6 H 12 6 + 6H 2 + 60 2 



6C0 2 + 12H 2 

,i Ol ~SJl J>lj Jl Jj^-b H + Jl yjy J> J*\Ju«?i\ lift j^Ju . i . 2 



i^. 



aUIjJ 



Uu^jj 



l^ 1 L& 



s 



II 




jJUJI . JJ_J 




J^-v 



,11 Ufu ^ij ^J1 oUyj^JL e Li I cKiJ ^ ijtUI oLjjjJI + .-. I ... . _< n 

.ATP J5Lu ajU> gsafj iJllI ol_£JI J>U. ^jULI 

^> ijjtll ol^&l J^U oUjJ J-K JI jj^o ,juJ ATP J I ^Jji J&jZj .(/._> 
oj^i u* olyj^l j/jj rjA; J J> jf L^j ATPase j>_^. 



.aJjA> ^ oU.^J^I JJU "V ay^Sfl J^JaJl ^^^ ^ . |3 

p- J^-^u o^aJ ILalil I i-JjJaJ I ii UaJ I - Y 



.^■■loi 



Jj- 



J" J! 




«jjj ^ e j_JaJ I t I oJaJ I .LLC . i 

.ATPJIc^j.^mJTjSfI 



r^yj uy. 



uU Jr J 



:O^UUaJ1 & l±_y*y> J5J ^Lil ^1 . 1 

Jl j>Ji.H J> aJ pA, ^>_JI JUJI . :1 O^UUJI 



* * 



. tJ ~±£ AiL> j Jj> jj ij j-rtjS* iiU- ftjifji 



.a,x-5"UI - 8 >_iJI . :3 o*>UUJI 
r jX>.LjJI U> (^>LJI JUJI) . :1 o^ULiJI 



l£*AJ 




U^o . :2 0*>ULiJ 



JjJJjfjZ+J} JiUI « LUJI U>o . :3 O^ULiJ 
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:a*Ji.a 



Ji-IJI Jl JAjJ aL. -ui Jb-bj ^jU oyULi ^^i" 




L 






ilruuLJJI ov 




. . . olx>l . ADN ,uU.^j ^ ^L-Sfl oU j^ - I 



ou W> >J-L ilUUillj Ol>~ J! 



»l*j? ^ ^ ^ %50j oLlj J-H %50 > ^j^l • ^' Jj^. - 

JJl^i Jl* ^smj J A** y^UI . LLJJI J %80 ^-Jj %50 ^ ay W 1 

~J*fr>J ... oUjJx^foUJMj ATP Synthetase r jJl .oU.^£J| 

.^W.LLAJI^WIdl 

iuL>JI ,y «J^b>7l JJ Ji>. ^UJJI *~Sj& J> Ms>W :^^^-7' - 

• -LAfSaL.. .ii.ljJULSJjluuiJ.Ull.2 



Lfll olil 



Ji-UULLiJ 



oU^I 



•jUW 



A ^71 J»l> J^- 



a\>jjA-JI oUjU 






ATP Synthetase -^ 



Z>kyjJ\ OUJ 









:Jy C^ 1 - " I 



^ jjJ I gjJ ^^ U-J 



..j> JS' Ifj f JL <jJ! iiJ>JI ^ ia*s 

:2 .1 CftUUsJt ^5 g*5Ua-l .1 . 



,o* ^ Lu L^ji J^ tfi» *jj,\ C0 2 j^rtkl J LoJ" .dLJj^JI Ja-j. ^ 



;>LJI JUJI ^ ,jXJ,UJI J J.J/A1 



.oLS-J 



Jl cLJjs~J\ Jx^ J^w JjUjJj ^^jjLil Ji-b o^" rLjUJI iJb-J 

r - ^/ iii> ^ J>jjij {^j iiu - SJ *ui a>ji ^i) i- rJ ;Vi ^s j^ 



( 737^^^^ 



**" ^J^ 



•Vl o^JJL ^JJ^>J11 o>" Jj. :^WI ^J\J-'\ 



J 



\SJ' 




( n 11 



Jj-b 




J/ 




I.- 



Cr- 



JJ_C Jj^-j y'l^II Ja-JI ^ 



$j£jfj\ ^U :^Jlj*5UI Jx-JI ^ 




rJjjlal- 1 .*- 



L^U. 



: m oil I i-^>) 1 . 2 



U'W i' ty'j* 1 Ja -^ JI ^-j^^ -^> UjjiaJj ^jjJ^^iJI jy».j 

■4 



*o-^ 




ij ,l>il C 



O 



ADN. 5 
.6 



t^iSjs^A ^^jj^tj . 7 



ijOLLiJI 0u >*>. 8 



JWj *LU. 1 :oULJI. 1 . 

Ui>L2 
^ j l> p Lie . 3 

L-Sfl oUL4 
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.gjiill J^l gk~ J* U^l LK JL 



LJ.2 



UK >b* >LJI lift jl ^ fctfll ** J> J* Jj ^-^ JI 

J l*U-\ LfAftMJUJ SiU. J* Jj-^J-I y> ;AU)I r ^ ^ ^-^1 = J4*^' 
" " .( J\$JS\ ._^JI) J^J.1 UdaJji ^ik^« « bi 




j£j 38 ATP) iiUaJI ^ 5^ i^ £E< (j/jUU ^ p a») ^W cH^> - 
. (2 ATP) ilUdl &• iJJi M" rt ( J;> r J*) >^ ^jUU 0» ^J* 



j* i J* JjbU liftj Jjt-ll ^ t JI J»> J> JU AiaUl j-JI J' j* - 
jjL iJI J* J^J-I J>1 ^ jJLtfl Ja-jll $-> & Uj^I LOT ,ly* j_^UJI 



.5 



;.3 .i-.U^JJ 




.2 ..j^JbU-1 :C.UWJI1.o 



f J 



•^ > tfj*/^ 



.2 



j^i j (^) i^kji iLikdi ^ cum ii ) jcji j a*-i 



j^l J (^) LJOjJI iikll & oli-i (2) J5LUI ^ Xls-Ul 2-iftMj 
Jj^M j (0 2 4jW ) iJljft *Uil ^> c 1 *- > U5UI "^ : ^ UJI 

.(0 2 Jm >-") »vV* ^ ^ J 1 -' <^ " e " b ' LJI 



:jLJIJjudl-1..* 













^Jl iiLj, U~^ »Ujj ^ . ,5-M > S^*-^ 1 " 8ilil ^ ^^ 



15^^; . 2 




.Sju-SI jxLL- : (1) JxUJI 



Q38 jj^i 'iuLv 



i/>*ji ^ i^-^i ausj ^^i u^ j ja\ co 2 o^ir J ^^o . 1 



.^^>*JJ JU.UI « LUJI U>Uj iiJu-SljJI " 8 >_iJI : ^ iUJ 



• H 




>y> 



Lyi. 






JXU 2 Jl is&gajj iiJu/LJI S^LiJIj ^Z aU s^j : JJxJI 






'1.1-^UIj^ly.JSLl JL* 

.(cJ^UiJI) uJJI^ 



%40,52 = 100x 38 L 3 n ,5 = 

2860 

%2,13 = 100x 2 ^ 5 = 

2860 

£~iaj Lfu JJi . _->j i-JLJI JUwJI L»l . ^j 
J U iy^l) JjUjVl ^ u^j> J S; 




K) , ^.) Jl^l Lnk-^l J J-H- ^L^l JLT i 



• • 



*.!>!. 1 . I 

^--S'S/I ySy j\ & ^Jl ^| Jai J> J.C ^>JJI _^JI ftjljji : jjuci 



.(0,uU>1 
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:CaJUI ^ oMW J > >-> ^~ -^ ■ 3 



^i^io^i^. 



i oLS> J[ JL* J^oy u;>>W J^- ^' ^ 






:iJl^l oj>JI ,> 



I j>l oUi£-0 j> 



S 



1 Glucose + ATP - Glu - 6 - P + ADP 

3 Fru - 6 P + ATP - Fru 1 , 6 DiP + ADP 



6 PGAI + 2 NAD + + 2Pi - ADiPG + NADH.H+ 

7 ADiPG + 2 ADP - A3PG + 2 ATP 

10 PEP + 2 ADP -* 2 Acide Pyruvique + 2 ATP 



.5UI i>ij ATP X»U : (1 ) J*Us)l- 



.j^—JI Byi-Jj 



ATPi>U :(3) JxUJL 



^S^jiXjn :(6) JxLLJL 



.ATPv-r y -:(7) J*UJI. 



.ATP^ y -:(10)>UJI. 
JUL J -L.UJ ATP ii~-a> x.^ . 3 



r 



Uul ATP 



- • • mj 



.yutfl ^ 2 ATP JUsJ r - - : J4*^l ■ J 

.aJiJ*4ATP c U r J- j 

2ATP+ :2JL-J.I- 

S|| j^l JUiJI ihU. - 4 

Glucose + 2 ADP ♦ 2P ; ♦ 2 NAP* -» 2Acide Pyruvique + 2 ATP + 2 NADH.H'] 



. UL&J Jjfrf") JyUdYl : . * iisLizll i«UI - 3 

(C 2 H 5 OH) jl CH 3 CH 2 OH : *JU*&I ii*-aJI 

.(0 2 ) u^w^Sfl (oU)ilS rl^KJtf JIoJ^allfcij^M 

C 6 H 12 6 fhfl 2CH 3 CH 2 OH + 2C0 2 + 2 ATP rffcUll 

l^VSUfj ^ WD *^_* ^-iaJI ^ jUj^jlU i^ttl O^ttU i-ljJI . 4 



( Jj^J\ >JI) .Jl^AH tr ^JI 



iiU, + CH 3 CH 2 OH + C0 2 



Ji\j4i\ wr-^l 



iili» + H 2 + C0 2 



P J*oW 



i 



2 ATP 



j»^iJI Jr ».L4JI 



38 ATP 



£-" 




UJI 










• ■• a^i r ^ j^ y^ 4 j^yi ^ l^- q 2 
1 .J-»-*?V jjjj^jii 



^-i0 2 ^5J 



^oM^-oilcHpl. 






Oti.^JI J*+> ^ .^A.X.11 *J> ^ SI . .7 „ l l ^Vl »>U sgUajyi 

.i^j-icLj, 



lf .l u.iL* J_^J J_^j| J] ^,UL| j^| ^ j^u.| Ju^j . (J) j jj4 

. £j uu ji co 2 ju c > ^ xisA. ^>i 



.11 » J 






:(y. I) jdjjJLl Jx J^J.IcJj> jbj^.2 
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(742 a^Su^j) 



ilJJbc (I 



: [ rfWWI 



iiUIJ-i] (j) Cr^cM- 



.JU-jJI^l^arCOajOa^s-^oy 



.dLJj^JI ^^ oV> ^ dSLi; J^ iW* C0 2 *~J J Jbljjj 



JWI 



^. ID (^ 



•JJb ^^Lc. iNa C0 2 jLc. rjfj 2 ^Laiol : £ 



i*l : rLu-^l- 



) iWUI JJ^JJ ii^J^ •>* JxLLJI li* >*, . (v. 




^^UUJI yj _ 1 ( 



ATP 






(1)J*&1I- 

(2)>LLJI- 

(4)>Usl1. 

(7)>UJI_ 





> ^ L^Akl »jjjJI cbli. 2->jJA\ C0 2 oLi 



-2 



3C0 2 f C0 2 ^j> J . r ^ jil^ J^l Jl dJ Jv J' 



J> 



C^ 



SI jySJi U& j/ ^ dLJj 




6 C0 2 = 2 x 3 

j.^1 <Lx>*YI oliiljU ij^.3 



6 NADH.H + = 2x3 ^j^ 3 NADH.H+ - 

2 FADH.H+ = 2x3 .L.o 1 FADH.H+ - 



j u jj 



l>k..,.; iJiljuo ^j ^^o-^Jj _ 4 



ADP + P 



ATP 



CH 3 COCOOH + 3H 2 




3 CO 









. r }%iM4 




J* &>** doCJl JJUJL ilud 








J 






'auufjisi*; 




: JUIJxLLJI 

NAD + + 2H + + 2e- 



Ji^u NAD + ^ T S^n . 2 
NADH.H + 






uo*ui jujl audi j*t\ ajujii ^ aj>u 



^ 0* H*UI olWWb c*j^*»l **_^Vl J^_ . 4 
J^tf, l^Ji a>^l ^ NADH 2 Jl 3 FADH 2 Jl j audi ^> W | 



.'VI J, 



NADH 2 + 1 2 




NAD + H 2 

jusI t * 






Oo-JI jl 48 ^^}\ «.(, vjuji ^^^ 



•iiSUslI ATP Jl ol 
Lid. ^^1159 = 30,5X38 = ATP ^38^^,^ 

% 40,52 = 100 X - 1159 . = :^n " =,. „ , 

2860 yr ^ i£j*lh)\ ijij 



1. 1 




f 



I 



»f i il 



^^JI^a^LidlATPJI^ 
% 2,13 = 100 X^^^-u,.^, 







- 357 - 



- 356 - 



;*LL/ 




i5L*i 



,^ «jiyj ois i-oU ^j$y~* 



: 0j Uilj^UJI-2 
: (i) Ja-JI^ 



.0 



JLJjTjS-. olS UJI-I : (o 



: Jjj-LlgJLJ — ^- 1 - 








.Li ,> J* Ii*j C0 2 C ^j 2 JU*iJ p. = 1 1) J-jM J 

H ^jjuu- alj- J.I UT (i^jM-D i^anVl 1*111 c*£i; ^> o-^ 1 . 




JJi-l .Li JU Jx U»j 2 Jl^u-J flji C0 2 c > ^ : ly) W </ 

«i «4"u Jj**| J! Wjv HAW) W* 1 ^ ^^ ^ > aJI a 





i 



t>ii— jJ 




L-i' 



C 6 H 12 6 + 6H 2 + 60 2 




si 



.JJU ijjj.1 ji LJ : (i)Ja-PI,y. 
^ ^1 y LJ : (y) Ja-^. 

: ^1*11*^-3 

V 6C0 2 +12H 2 + 38ATP 



C 6 H 12 6 




;l 



: (y Ja-j) _r^JI *J*L* ♦ 

1^2 C 2 H 5 OH +2C0 2 + 2ATP 











jjjt^UI^I-1 



</ 



if J*, JjJull ^ 40*iUj 



- 359 - 






! jjtyL> te& & u*fci ^j iii>j ^^ji judj ajjVi iL^j-i u 






2 ATP 
2 NADH 2 



ATP : ^_^J! juj 



NADH 



Y 




Mb AJUtft Ji*» *kfr & 



****«/ 



1 ATP 






4 NADH 2 
1 FADH 2 



3C0 2 



ATP 
NADH 2 
FADH 2 
C0 2 



( J43 




2) 



. (iU-LI i*U) S~i>-3 



>J> li^ ij^kdl ol^VI olS JL,UI ol^^l i^i LUI J U _ w 

V *WI Jx-^JI ^ oi>l liji JU 
■ ft M 12 6 + 2 ATP -olLy 6 - 1 jj^J + 2 ADP : JUjLiL 2 



P ».WJi 



JUJ^Udlli*^ 



(3) 




I 



>-3 



I M,C0C00H + 3H 2 + ADP + Pi 



; I 



* 3C0 2 + ATP 






5T 5TH 2 

: (2) jjJS^js^M JU-IjJI < Lull 



• .i 1 * .~« ~. p I>jVIj iju-^l oU>M 

IH^+-l0 2 + ADP + Pi L J ' J =^T + H,0 + 



> 



ATP 



ATPase 







VI 



TH 2 iju.il & JuStJI oUj^YJ V _ 4 

lM^ 1 J! J-~" j' J! tWfb iJU&l CtiUUl, 

.oU^^I^.UIJ-SLsjj 
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•J^.U-jb *A-*1 o_^ ^! (V 0,32-) ^uik^ g-L-^lj ia-TI j_^ 

.oU, J ^....(V0,84+) 



. jj^VI aJU> Jl >jc ^Li^l JL* jl ^1 



-0,32 v = NADH.H+ . 

+0,05 v = T 2 - 

0> j*, 0,37 J J^ J>H J 



« • 



.<iiUJI »i* 



y>Li . 



: iJLLJI ZJLUJI A^ju-J L-i - 4 

. (JUi Ji) j/p)l ^ ^ cAijjJ £ l>! ^ iju4l *iWI Jis-j . 



2 ^ 

Uj^VI Ji*- . 3 

1.4 



Li)l 3L.A 



* 



^1 




I. 



.£t&UH & Js* . 1 -6 




.0 



8 ATP 



2 ATP ^. 



.^li.ljJI.LUJI-2 

:^>LJIJUJI.o 

2 ATP 



6 ATP = 3x2* 



2 NADH 



: LJJ.I " 6 Ju-^l 



Cr-0 



~ <- 



3 ATP = 3x1 NADH 2 



30 ATP = 2x15 [ 1 ATP 



1 ATP 



9 ATP = 3x3 
2 ATP = 2x1 



3 NADH 2 
1 FADH 2 



38 ATP = t j^i 






: ^ i^-UVl bill J Ujtjt jil^j] J-fc-j . J^IJI , ^jj 

. FADH 2 . NADH . H + i^ Jjlp . 



4L-LU 2IC&II JlfpJI jj, ^ jju* ^jji oUj^Jyi JJm d jji^ji ,ju 



. urn di ^ . o 2 ji ^ jjusii ^Lfji jjL^ii 



(ATP 



ATPase 



Pi + ADP) ADP 



*-* J! tf*fc *W (ATPase) 



U* ol-yi V<i r JI UUI . >. 




NAlillH 



1" ♦ 1/2 9 l ADP + Pi 

H 2 0*— 0- + 2H+ 



ATPase 



ATP 



H 










^ C'jJl SJLy LJ 



*• 



,>^JVI JLiJV iJLuill 



■•...- 2 Jl^ I J^L^i 



ti*Si 



j - 
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(: 47 Cyjj^S ^j 

.UsU JAJa j^JJJI JJl^J ^U i^ jjGUJI Sy~i jl £^-J - 2 



ADP + oli-y - 6 - j^fjU 



ATP + j/JLi 






2NAD + 



2NADH. H + 



C 6 H 12 6 



J 



}» 




► 2CH 3 COCOOH 



^J j -J I mS 



2ADP + 2Pi 



2ATP 



.1.4 



>il il^Jlj a_£A*x-i1 af^JI 



tt*)i 




UUl£ X> <?> u .fcx| 



JjlUlCPjOjutfj 




Silil uy>— S"jl j-* ^r-i^J 



J jikdl ^1 jU ,^-Ti) j. 



■>' y-**j 



I UUI : 



ly 










o 



ui_^ 







j 




HI) J^^JI . Uj ijj^uJI UUI y . HI c^jS .J >Ju jjjl ^jjX-^JI j^, j 
. (^j> iil^ I ^71 &J J-i-l Jl aUj^l ^ J> o^ULL- ^ jilJI 



JL. Jl . Uj w ^l UL ~ J^ H _^ kr tell ^ JSLLdl . HI H jJul* i j*>- 



1 



C 6 H 12 6 + 6H 2 + 60 2 -► 6C0 2 + 12H 2 + 38 ATP . u 

.^Jj/jallj r ».UJI V »y^Ji 
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J^J'o^-1 ( 



:i*lJlpUU!-2 
ATP. (4) NADH.H + .(3) dUj^JI ,^> . (2) jtfJ*.{1) 



H,0 



-(8) 






2 .(7) FADH 2 .(6) C0 2 .(5) 

: «Jy.Yl JU Uydl 



;^> 



2ADP 
2ATP 



.^XJI 



2NAD + -^i 

*NAI)H.H + -«-^[ 



[J~+ o LJI & jL*jL) 



co 2 

-ui L^u.iy' ^ J ^" -— *CH 3 CH 2 OH 



« 



♦ *■ * 

o 2 ji 



", » »t>^ 



dU 



^jj^ 



2CO 



2NAD + 
/NADH.H+. 

CqASH ^ 

i.^Sfi^-j^ 
c 



tSjXfjzAl 



,.■-"""*"•"•*••►. 






J^u,7 






► CH3CHOH COOH 



uOJI 




fjO uLaJ I ij\j L I jLI 






iil> oMclij 



1 1 ' . .^-J) JLuc-^lf-.^U iilt tr9 °* 




NADftHu. NAD" H 



ADP + Pi ATp + 



ijJu/UI SyL-iJI o^Uli; 
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kj 2860 = iiU> J-*w jyT>LI ^o J v 1 
kj 30.5 = tfU> J**u ATP ^ J_^ 1 

% 40.5 = 30 ^ 38 = .r^dJ ^Udl >j>J>\ 
% 2.1 = 3 °'l* 2 = >dJ ^iUJI W> 



2860 



iJU iiU> J-Ji cJljL. 




&* o^ J^ ^^d) jjilkJI jjj^ll . 



. ( r b d&LJI) iSU> JbJ J-^ ^ yrfl cr*^ 1 g^ ur^ l^J* ^^ 

: ^cJI J^U u^jj^JI Jit* M±£ ***** - 1 - i 






t^jjJL-^l JJI^ W C^ V* tfA-»i ^^" *4-* J^-^ - 

Jl JUUtfjJ l+^UjU 4)Sj ATP y^jd {l^&fl cAJJ\J.\) 



: 2, till. 2 



'j 



9 jU »»*« 








i JjLl 



L5 3 J >" 



2 J>js jji j^ji 



C 6 H 12 6 



;l 



:-r ^oJJiJL>7liJil«ll.3 
^ 2C 2 H 5 OH + 2C0 2 + 2ATP 

; 2JuJj}\ j\j^ - 1 




[ j^i ^ji ] j\j* -5UI j-^ji j a/jMJ r ^ >U. - 



NADH.H+.3 

.JjlLl.6 



ajj^Ji^.2 



C0 2 .5 



: iiJ^I Okl* . 2 

. j/A - 1 

. ATP . 4 



:uy>l>oycJL3 






. U^ >u) J^UbVI J! JUbfll t l>jV Jlljrfl U-il . v 
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: L* [ 200 - ] ja . I 



J f ;LL,VII 



LJ.CO 



lH " ftiL J £* U 2 



■ ■ 

:U[200] Jju. 



C 



<J «k5j JjJUi^l J^-iJ **U, Ji>^ O. 



jLiJ jllc 



.[ Jjr&jAQ ) C0 2 i^T^i jf,uj 



'" o^Jl Jlj^^-UI^Jl 







. 0**dl gsrl^) JjJLl-^I J^jj C0 2 



• ,-~j J^*^ ia-*jJ I i-J LLi cJi 




.•js^CJtfij^alliilkJI 




.*i\U\ j* 2U* l~S jjf JLaoUjJju (wL*^l&) i^J.laJbrf'.J 

j> Jx dUi Jju (it*j ^15^-) JjjJJ ii^T ^i 






aik)i^« 








: oyk-^JI J 9^,-J.I jjiaJ Ou SJiUtl . 2 






J5Li. Jl_^ll Ja^jl J s^^LI J >- . 



>Jfa l flj>'*i\l*.J\ l /'i jS J-\jJb m 



: ZiUaJI 



38 ATP : ^J^}] . Ujl j» ii,j> JT ^ J5Li^j . 
2 ATP : >^ . tt! j^> «^ J*^ JJLto . 



: ^iUdl ajail * 






. AAA . 



: L^Jx j-wJii jJUJi ^-i; - i - 3 



<y £j-^" *>*j r JjJ iiiui ^lju 



</•£> 

^^^ 






Sat. ij>y. j~k i-fcaJI ^ £P* 



ATP Jl JJLSJ r J_c : 1 JLUjil 

Ja: JJi ATP Jl JfcfiJ : 2 ii^l 

^ oUy_,^JI jioi; £«— ,. H + ^y 
^ ATP Jl jSU; r J^ : 3 il>^ll 

j^l^LLU 




£>vjj 




Pi + ADP J 



J5Liii ^1 dUjJjJJ < Lull LiUi, 




i, ATP Jl J5LA3 r x-c : 4 iU^il 

.ATPJIJSLU 

^i, ATP Jl J£jj r xc : 5 U>jl 

- .ATPJIv^^J^j^ufiiLkJI 



(ATP Jl *gyfj) iiy^l LJY! ojo> J^ . v 

Pj + ADPJI^-. 

.oUjJj^ ' UiJI ioU; ^ . , 



: **lil Jju -kLkil -— j . 





C 2 H 5 OH + C0 2 



(ATP) J^IJ^UJIi^I.2 






.ijjJajJI oLJ>i.l v^-H - 
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r*- 



2JI 



^_- .f-Jl^ud) 



jr? 



AJ - 



1 



.oJl^yJJI 

•°2 i>- ijt*** iff Jjp fS-j Jjlil AfJ-l Sil^ *Uj(jj .jLi* J^^y 

lh M- a* J\ jl^J.I oL^ abp 2 JXf^-7 iLiuJI iJuU jL dUi ^ . 
»li>. UJ J_.ll I a^J-I olj ^j ,^?i uU tftp^J J^ ijaU ^i 8 jjo ^a; 



>ur iull »>4fe o^" a / J>>^ 68 ^ Jj} J^UI j 4 ju\ D X Ux* . 



.uUJI 



^ Jaii iLii jLJl i_,>j : JJucJI 





pfcjlj ^l Jj>[& &jj . Jy LJ a / J^^ 68 JjJuil J^| j_£_ Lo^ . 

. JL^J-I Sit^ uJJI ^^> i^5" jjjj : 

: cruJiUtC i>yy.Ui)l jx. 
I : Lr , a.LvJ I ibln* . 

C 6 H 12 6 + 60 2 + 6 H 2 - 6C0 2 + 12 H 2 + 2860 Kj 

: -r *jkJI ibUw . 

I C 6 H 12 6 -CH 3 -CHOH-COOH + 167Kj 

: JaJ2*ll . Ul . I . 3 









1 



0' 




® 



2 ADP + 2 PI. 
2 ATP 



2 NAD 
2 NADH H" 



2 x 



dLi 



?*3jzi 



(D 




ifonf'^u*® 



2 x 



NADU II 
NAD 




•^K^ 




FAD II 






Jlcoj^j v — NAD + 

<> V— ► NADH H + 



l-'AI) >A 



> 





CO. 



jj-U/^uJ 



NAD 
NADU II 
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lk$ J*>U l^^d} JJi jk ML ,J/jM Ju*J* J^^l : 2 . J»^| J . 






.L^Jii^i^j 






.L>- JjL^ 2 . . 1jB Jvk^JI <y i^il _^ : p. ,3^1 



yy 



4 < d 



.iilkJI^iJJi 



.^ :^ XJjU* ^ Ja^l ^i 1^2*1 j-JI j^ . I 

»& >j* JL* i* ij*^ .«&»* ji : (.) Jx-^JI^. 

ft 

C UJI J* Jx ;^JJ uL*^ ji : ( 2r ) J^JI ^i . 




Jj* 




iAM-IJ^-L 



.^oj i*p}\ xsikii ^uq 



-iSLkJI 



^U Jj-^JJ ^Jl iAJ>_* rJ L" 2 ij> 3 J . 



iiiyi ^ j^jj ^ji aj^ r >- o 2 v u ^ . 







Jjl^tl Jtl.f.1 



38 = ATPJIoL,>^. 



• oLj> 6 = C0 2 Jl oUe> w* 



2 ADP 4 2Pi 



C 6 H 12°6 



2 ATP 



2 NAD 




► 2CH COCOOH :j^J\ JJUiJI . 



2 NADH. 
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.^LiiMJiJI. 

.ATP j^i ^ isiui ^ j^ji a^ oo,uji »i» a^i^ 




i»*M *<A 0>i U : "I" J5LJ 






<Oc 



.(i^J-l) 



*>-JJ JU-ljJI^J.1 Jjui,. 



J^-iJ 



-3 



v^ 1 



j «• 



.3 



iJirf ij^ _ 6 



LiJu I ^ru p I J _ 2 



^jU- * Ui _ 1 



iSjjL^ji ^i m 4 
w w LLiJI 

.*>UUJ JL. ^1>|J| . LiiJI .- oL^L ^iJ| . : o^Li.V 



„ * 



.» 



t^ 



;l 



^L- : S,UU oLJUl 



Jj^W 




f**s 'ojaI* 0\jtXi ^jX,j$yLl\ j* JJi >j* : 2( . J5LJI 
• (cr^) ^Wl J^^JI Cr- »>U : 1( - J^iJI : ^^U^,VI ' 




2r 



•^W'^^^M^jj^ 



i-^jj 



^^^-1: **~J-M 
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.OfcjJj Jl i-S* > OV .... 7 A*JUI JLL* JL^U Ja-^JI pH : 2 UUj J^> - 



>S^- J iblj .... 1 Jl 7 j-o pH i*JD pp* Jp\a^\ : 2 iiUrj a** . 

.(7) jJiipH ji jl^-uJi "•*•« r ^ s> °^^ JI 



JL*oJtfJI SijjJI J 1 ^j pH i,*JU ^^ ^LL^Jl : 2 XiLtt oUI juu . 
.(7) Jl pH i^iJ huj~J\ i>j*)\ Ji>X DNP^-u* .iijuil.tslj 

: DNPj0 2 ^J5'> 4 L-.a 






U^ 



<?La^v 



: 2 iiU>| - 



i^i j* ajs Jju . . . ^jjjjS>ai c > pH 






jiju- : DNPiJL*l. 




: JJUxJI.3 




Jl l«J^ ^ ^JJAs^l c > pH i^J ^L^Jl J-Lj - 
.o^J^JI obftrf.1 jjbil ^.iU^ j^e ^JJI ^jUU ^j J^ljJI . liiJI 2u ilfcj 

: i^liil-4 

-.iuk DNP oLJu ej^xJI j-j . 

^/^l>l:J!H + J>^ tr ^DNP . " ' 



sji^dnp ^^".j^ji^j- 



V- 



.. ; r 1 1 



J^IJI Jl Cj Lil ^ 



oU^JI Jliol r ^L DNP . 



: ATP 



■r^y -^Jj^ - 



(pH i^J J Jy) oU^JI j-fp J Jjli aj»j . 

. (ATP Synthetase r _>[) ijjdl ^L^ 1 >j?j - 



J^U,YI Jl /-Jl J^tf ^ U;i£d Sejj^fl iiOJ 



(: 53 te>+M ^»l^)) 

iLI ;,l .1.1 











j. 2 






•J^l 
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^ 



iJ 



jji..i. r .>7i, ( 



ADP + Pi 



CH 3 CO COOH + 3H 2 - 




J 



► 3CO. 




ADP + Pi 



CH 3 COOH + 2H 2 



ATP 




► 2CO, : U^>jJ ^>J iii> j 



;u— : jUJumMjJI o_ r a..-..flJ I . 

1 H 2 + \ °2 + ADP + Pi ATPase , T + H 2 + ATP 

LiL- -k-JI J H+ Olyjjjl >5>J pliJjl &>%_ : JjVI JJU.I J . 2 

J-flj jl Jl 2 Jl iiU»l 



lrt«> 



j -r 




< ) . Jl oL*l Jliu S^U Jx-^JI J H + ^yJ ^LL-jl Ji>% : LJUJ] SILLI . 

.2LUVI -u^i Jl ^ i/^l IaJ >^- uSfUWl Jl j 




.oU^JjJI JiljJ J^--^; crOLLiJI v>j i^>J' J*^l J' •>**■ 

Jl oUjJj^JI J>Ju n^-j V J>UI * UJJI jil .i-i>JI J ^^Jl o*>Ui.^l 

.iJjil oL>Jl ^>^- JLc Vj i^li.1 

* 

•' • ♦■ ^' y^y &•* iJ Jy ^^-j j* ATP Jl u*^ J^jjJ. ^1^.1.3 
I^jj J J^i ,x^J r -uJ l>J FCCP Jl iJL^I xx ATP Jl J_JLiJ ^ *>U 



((1)iiJjJI46 



Oi 




c? 



rb) 



ATP 



(: 52 ^^i aji^i) 

aS> ' fi^ 1 <>- < F 1) J-^l'J*«jJ*- 
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Jj >yu_ (y) XJJ.I ^ J^jts-V 4 



Jj^ ^-'^1 j^JJI iJ^*>U (.J* - 



u 



J_t p- J , ftjjk&rf 



oLjX 




UI>l^ <>■ pS X- .»j>^ > cAjj^JjsJ, 



■~A \ »J-- 



„ 



y.O* 



^ : \j\^\ J*^l J - 

.i.JJ-1 »ju-^l o^ULL" 

.iuji-l "ax-i^l o^Uli: 
t ^'UJIJJ^-1 (II) 

0> ja >wJJ ^ J*+i-l : JWI -t-jil c^ - 



^j^<y 



i o 








: : <l r .U ^LJI ^-^j i^jU ikT Lru iftUJI - 2 



J_>i> i*L£J >*J 6j- 



".(ATP) iilWJaifL- 



.(ATP) ^OaJJ^ipL^yb^L-Jl^i^^oU^J^^Ij. 

; jSLJI J^i-I c^ *^UI ATP Jl ^^^ w - 




0^ 




, le^it jJISj 4-1 



. 4 . 1 *>M ^ i,l>^ iL5Ulj i-aUi-ll oLo>il - 3 
uU J^u-L (ATP) iilkJI j- i^i»- oL-5" J-5LU p. - 




Ja-^JI ^ 2 Jl ^ ^i Ly>" oU J~* j/jUB «ftU (1 }) cM - *» 
.ifc-JI j 2 Jl j/ji ^ ^U^l Ji>* j/jWI UUI li j)*h - 



. J^tl JSLUj (0 2 Jl ^U) ^Ij* "* Ja --> JI : J-^ 1 - 

: Jj*£JI j^uU iJU>Yl ihUI - 3 



^6^1206 



^l^-J 



•* 2C0 2 + 2CH 3 CH 2 OH + 2ATP 

: - 9jy ^dl X^UJI iJU>7l iiUdl . 1 . II 

3/2 C 6 H 12 6 + 90 2 + 9H 2 - 9C0 2 + 18H 2 + 4290 Kj 

Jo. i/ 2820 Sill. Jmm v-^ >- Jj- - 1 

■ ■ 

J^> ^LT 4290 = 1 .5 x 2820 Ja* ^ ^5L- J^ 1 .5 



.(ATP) U^JJ *oJ-l oltUJU -L^lsLI ijj*d\ i*UJI - 2 

Jj> >/ 1681,5 = 29,5 x (19 + 38) 

%43,3 = 100 x 38 X 29 ' 5 : ir JtoH jyUJI 4j jJ11.3 

2820 y 



t.6 



U »iU . 7 
.8 



(: 54 te>*5i Ajl^l) 

;l_JI(1 .(I) 
.ol^; . 2 




• ,» J J^tiJ - 9 

ADN.10 



o 



9»^J . 4 



(1 ) JVj« J^ 5 ^ oj^' J4^l (2 




.sJwJXj 9j_^-« ol>lj i-*lJ OLjX^^^^-O 

\j* JJi JA6 






: (D 




l^^jutn 
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i^jxJI >- ^^i; (3 




o^b Jjlj . 



i7a 



^>LJI JJ^JL o*>UUi)l iJU jLt Jib* 



e* 



ikJ* 






.1.5 







^UUL ^ 




J|_^JI ^-iuJI *- 1 A^jJ'l J ->j~J-\ ill* j^ ik-J^il ^liaJI - o 
UliilLJI 



kdl 




c^ 




&£ jjvk 2kjJ>\ \fi\b) 



- 4 



r 



b dL5XJI «- ^VfJI o-ajJI jl 1 ii^JJ .J . -> 



UU>) im,- 'f AfiUI iilkJI 



d^i-J 



J 2 



ol> 5 






a 







*JA &6 J 2Ju& l>kj 



C 6 H 12 6 



(: 56 .^J^Ji *jU»i) 

j_^>JI y. Jy&Ylj co 2 ^ JS* j^x» - 1 

• ■ 

.2 



2CH 3 CH 2 OH + 2C0 2 + 2ATP 



>-, 



... Pi . ADP . ATP ,oU>Yl 
.:ATP Jl JSLUj Zllfc ;_,>_* ADP Jl Pi J^V - 1 - 4 







)^r_^JjJI) ^Vl »iLo r ljuul lj_>5>jJI UUH pJ*) (ij) J- 5 

'tfl IJjb jU+t , ** c~> 2 Jl Sjptj ^-j S-JUsIl o^UUJI 






C 6 H 12 6 + 6H 2 + 60 2 



^_>! 



12H 2 + 6C0 2 + 38ATP.2 



Lr jj^jUil iiUI jju, J-i W 1 ^ Lsftf 2 Jl >5>- ^ : 1 J " oJ - V 
IWa ia-^l ^ 2 Jl i^J s?~ ^U: J^"* : 2 j J cAij^fi *M -^ 




.oLij^JI J 



C 



U^J 






^»JLI ,M ^ l^tbfeJ JJ oUj^JI Jl iAWI Jo- 2 ^ Ul *fl - . 









. ^* 













I 






ADP + Pi + E ATPase ^> ATP + H 9 



. : ATPJI^Ujy»(Pi)H 3 P0 4J 



. ^-^ 






2 ATP 




► ^W 1 uH 



2 NADH, 
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s*J4 L. ^j , j^^Lc ii^x- J& 2 ATP i*L.L oLi-^iJI JL 4 
■Ju*l i*> ^ oLL->JI Jtf j>^> jjj?j i*> ^ ATP ,^Jb 



J\ olL-^JI JL; jyfj JJ^_ . (j5Ua 7) dUi j* 
JLJ j,.**^ ^Ljj ATP jJ>- ^ U j»j 4 ATP ^1 4 ADP ;> 



' [4...-. . fj l 



^^LJIJUJI : iJl^J 



;ui 



.3 



[C 5 H OJ 4u^A-J 



II 



1 U J>Cj i^lyMJW 



>WJ 



: SJlUll.U 



C 6 H 8 7 + BM + 



C 5 H 6 5 + BMH . H + + C0 2 



csSSJl 



(42 ^1 ^y "^j- _^jji ^ gjtf , . ^ 

uji pJi^ j^ji : ljl^ ;l_ji ;lllji - 6jj ji uju - i 

.ATP Jl J Uj^ FADH 2 j NADH 2 







W W ch J*" J 'y*JM W ^ tU-sYi ■*-*» : qJ 



5.1 



^uxii) wUiM j_^ji ^^^ j* t u-syi ^ : 

l^d) i^L-Sfl J^l Jl jjfjW ^ 

•jiysub 

.isUJI 






^>LJI1UJ 




:2 



*yij*uJ*A*.: lV . v 



•i^w^U L* a^j, d^l (^) ttjW _,i ( *) j^^uji ^Li. 



ATP + H 2 ATPase 



ADP + H 3 PQ 4 (Pi) + iili 



(**%^)PiJI^^Uiwl 



I 



2ADP + 2PJ 



2 ATP 



C 6 H 12°6 



Jj-^liJ 




► 2 CH3COCOOH 



2NAD 



2NADH. H + 



2CH 3 CH 2 OH + 

J,_:Li_,VI 





- 2 CH3CHO 

JUL^YI 




ATP Jl, cU^iM ^w ^j, ^ . w ^ ^ ^ ; ^V^ 

.^I iJYx 

: ATP Jl 

JoWJ i*j -5 JUall Jl ATP Jl i^T J ^L; : , 3 . 
.i^L^I 5^ +5 ^JUI J| .5 s^m ^ ATP Jl iJ- *f»* : a 8 . , 3 



Jl J^- ^ ^Jl ^ olL-^l JL; j^ill ^5" J ;,Lj : , 7 . 

•i^L^I Sj>j 20 UJOI 



U ->" J^ J>^>JI i^ uL; 10 > J* 
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6O 2 + 12TH 2 + 34A0P + 34P 






*12H 2 + 12T + 34ATP 



1159KJ = Kj 30,5 x 38ATP = 38ATP .U : j|^JI J_ ji 



.olii 



c 57 95 



61 Kj = 30,5 x 2ATP = 2ATP £ Uj] :<=5 J|^^J| J^i 

oc 5795 

.(46)^^1^. jj.j 




Jjlill. 



1 

* 



«y (I) iJLil^c^ .( V ) SILLI^ br^_Ti (i) SRj.l^-oWI ,i* 
.;-b.j160j,U;-^l_i; ; ( v ) i)U-IJ L^ ,-.j>, 300 .LUs 16 itj ill 



^T^F- 1 J^ 






i ■ <1 .T.o 



iJ^LJI ill* ^i * | 




: LfjL> Jai r I r;-.,.„ I . ^ 
.JljUlrJai : (I) JfeLJL 

.JUjHIIUU : (u)iftUI. 

yUWl * Uill ^ ^ oUj;i skJ* RH 2 ^.joj^n jil^ juit* . 1 . 2 | 

• ATP JsLts, £*-j LJill ol>Ul jh» #UAM ou ^l jj.| j 
ATP Jl ^r, iu^U oLTJU -.ju^tf Ul^-SUl cOUlLJI > : ~l - ...■yi " 
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•• *U j^J I o^> *j L, 



• (uyrw^>U ^S j^^d j^, q 2 ^ lflv| 



-L*-' 



(^ 



^J 




^L.IoUi'-^L.j^^U.l 




JLdl 



i it i 







S3 



r' 



j . co 2 + ^ui J_^ 



2 ^VI^( 2 j) 



Mil^ii^l^lgjI^JI 



i Jtj&tt ±~J\ J 



«0 2 vM^i-UYI J^JI^.CO^JjLi,! .JIuLi- u , . J>tf - 



2(CH 3 - CO - COOH, i^^^ 2(C H 3 - CH 2 OH) + 2C0, 



:dU3j 




2NADH.H* 



2NAD + 



v^ji>--JU 



L-Vl Mil J] a^JI ^ j^ ,^^ 



'f^W 




' J! 4*W» 



J-i. 



2CH 3 -CO-COOH + 2CoA-SH 




2NAD* 



2 ADP + 2 Pi 



2 (C0 2 ) 

► 2CH 3 -CO-S-CoA+2CO. 
2NADH.H+ 

2 ATP 



2CH 3 -CO-S-CoA + 4H O 




10T 



10 TH 
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j»i>}l *jlS Ss. oU^JI JUj*tf i±.«*< J^J 



iJjJaJliiUJL Lju 



jy. UWj ATPsynthase ^jjl JLk-4* jhjrji y^^ 

JL^^L Pij ADP au iJL^r iL,l, AJU&wjV' ' i 






^>J 



ro* 



fti liA 



< fi^* 1 M*i 



, Uy •— J I 



C^ 



Pi j ADP 



.( 




£*U*.J ^i >......7, JU^VI li* .;.... g;7 , ) l iJUUI 



LfMisif, 3U>'YI oliilil 



y~S>J J . 1 7 .,«., ^ill H + oU^JI j^jj J « 

I sJJtt, V dUJU 6 2 Jl Jl i»UI jj-b *3 So*aJ 



•u 



^UJIiiUaJIrLj 



/ ATP synthase r _>l JLjoJ Jk^ V ^Jl jV (ATP) Jl^c^U 

.cAijjJl 'Jji J J> ,5^ vikii T, ATP Jl 
i ATP Jl^^U 2LUII iiUJI rLol jl$1 -u-2J LJL^Jl tj* rJJ dUJJ 



inJI 







■ 


1 Ja-^JI^ : iijUll.1 . I 


2 


1 


Ja .^Jl 


•• 


• • 


itfLid I »j--3L I L^i j jl£ 


(2ATP) ajj 


(ATP^j».38) 


ATP JSLi Js. *j2yi iiUJI i-*5" 



ft^L_/ 



1J 




Ul iilkJI «- r b dLSoLJI (1) J^l ^J 
(lu-SJ JlScJI) 0-J.I L^U ^,J5 r ^ 

** 

- JuL^ S^UI iiUJI «- J^ .iL^J-JI (2) J^l ^j 

.(a 



: j~~*. 



.2 
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RH 2 SlfU R ♦ 2H* ♦ 2e" , Jil> ^ j, ^ J( j,^, 
ADP + P ATPas, ATp + H2Q ; ^ Ul %jun J{ ^ ^ ^ 

(46 ^^Jl ( ^| J ) J a J 2 ^\ j\ . + 



U» (»->) ihLJIol 



: <J,Ull. I. 3 




^/H 1 f*-»u 



(I) ihLJIol 



ij-f^- 









.•^UJIJJl*;.^ 

a-V ceb ( ') *J5U1 ol^u-J ^^ji ^tsUllj ^Jl . 

••^^-^-JloJ^IATPJI^^^^ujU^^^loLr^J 

•(61 JI48JI35 oo^l^L,) : hjm\2L^l\.A 




l -*—iJ : >JjJi 




*—*J iLau 




: ykJ^uJI^JI.1 



Synthase 



ADP + P * ATP 

H + 
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Li T 2 Lc U (-) t WJ **■ </ W ^ ^* (j 

.0 2 JI L M t ^'LliJl l yJiU>t 



NAD 
FAD 



T,J| 



>T 



.) J*jdl " r UkU x* . 

*ji iii (+) uuirt aw j 



>o 



Ju£- 



j^ gjt (+) U-iTi iJU ^ &£) T 4J T 2 j Ti jLi (:) -Ml r U 

. ( :) J^ill Js & & (') fcWJ ^ S FAD ' NAD J Tj iJ U) Jtftl J\3 



NAD 
FAD 



>T : 



1 



>T. 



t 



(-) pUJ «U <-i T, j T, . FAD . NAD & U) -Ml r U 

JxJdl ^b j*, £L- (+) U-d 5JW ^ rf>* iPUfo Ja ^ 1 
NAD 



>T. 



*T, 



>0, 



FAD 



: Jk l^ JM J*** «raV ■'! 



NAD 
FAD 




t 



^ 



t 



t 



>T. 



t 



■► w 2 



fckj'j 



- 9J ^I o^ ~ JM3 l^J^\ iLXJI ^ oUj^N 



l.c 



NAD 



FAD J! J-3 NAD J I £*jj IJJ *fU» "»j^ £*> J! c^-^ 
FAD ► T, ►T 1 >T 4 ► T 2 ► O z j 



j^^ 



LJ| Jjiv oJ^JJI^ti)-MI-a.3 



.oU,y£WI 25> uttjfl j^W-JI fW 



ATP Jl JS^_ 5U oUjJjutll jeO &■* </ *> ^ V ^J* 3 ** 1 *> ^ " 
ATP Jl J*^ * &j oUj^^U fc> JL* : iUJ*A»JI r l^-l ^ - b 



ft 



.i^UI ^JJ/yUI ^ ^ ^ j^j (1) JSLJI U> ^ . 2 
.i^UJI ^jTjsJU ,>. JJi sac ^j (2) J*LiH U> J 



>*> ■ 




^i)! Jo-^JI ol-J, J\ ijju o^UiVI la* . 3 
.(1)^W!i^l^(1)JSUJIU>.4 



.(2) JI^UI -W ^ (2) JSLJJI U* 



js. m> *^s j^i ^ o 2 ji i_r : j^jjji *!* juo j»j „ 

UYj -k-jJI ^j 2 Jl i^5J >^ ,>IU; : oLij^JI ^ 

■ i^^ul oLi" dU^-JI ( _^ J . JWiUirl Jit " 8j ili Jjjj/yJl 




Jl „ NADH 2 Jl I*^ll JjlyJI ll^I ^ oUj^^JVI »i* j 



A 



TH 2 ^T + 2H + + 2e- :JuUTFADH 2 

^j^Jn\ ^j^ *ft ^J JU Jk oj^. T n j T n _., o! - 1 - v 

^.j oUj^^l juLL *jSf iJu-TI iJU ^ j^SLi T n+1 Lol . Uj^Li Jt j>U 

JUL^Jl ( I) Ja^il |j* ^ [j] (-) ^L^l iJL^ ^i Jil^JI J5* i Lc . a . 2 
.oUj^^U >Sfl JJbJll yi j^yvi jV 2 Jl Jl JJL- >T ^ oUj^^l 

Ijl^ U. (+) Sju^l iJU ^i JjljJI JS Ji>^J (^) J^ill p UkxJ x* . b 
Ml *& uM dMi NAD j FAD Uj .(-) t \+J VL> j FAD Jlj NAD 

.J^\ jj\3 JjLi JU\j 



NAD 
FAD 



TiT 3 | 

T,T 4 n 



>o 
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iJuytfi lf*bU.j ir toli «/ k^Ji U< r >" **" WW ' ^ UiJI - 



C 6 H 12 6 + 6H 2 + 60 2 



jUU! 



6C0, + 12H 2 + 38 ATP ^LT 






<^ 



I ik* :,l UT 







^sSM j^UJJ r i3 ^5^ ^W ^ c> "•-«** ' •=■*" - : 



•aUj J!*i>> 








.& 




M4JU& S*WJ J! Srf* ije-W W* ^ j«W J! 0il ^ 



4SI ^MW u*-> J! iA^ J > iJ -^ JI 



^ «£j :oLoji*il I 



2ATP 



2ADP + 2Pi 



2CH3COCOOH < 







C 6 H 12 6 



2NADH 



2NAD 









.^ULI j^l Jl C0 2 IjJ 



nJl-li-au. 




CHXOCOOH + 3H 3 




3COo + ATP 






ATPase Jl r jjl V UU dUij oU^J! ■ 




. « 



s V* <> W J 5 ^" ?*j ATP 

".(^JdlolJJl) jU^ 
:ATP J! JJLtt Jrj^i . G 

• ° ^jlJ I jA* r >« J J> i^>j - 

U*JI iOL-, (ATPase) iJJil oL/JI -^ . 



£ 



63 





Jl-JL, 2 Jl j^s *jyd (jl*>) ^ ^Uls" U^sSgi J^J .1.1 





»-Li Juj^ 




131 





io> l^jjJI ^^Jl ijjt) iiikll 2 Jl i^j L^JI ^ ^ y^fo . 

..UjjIloUUsyi. 

: JUII ^ LJljJI ^ ^jj| ^^Jl U^ I iJUiJI LciVI : 



ftii 



J OJJ JI »trf« 






,y^xll^i'^I^L^ ( y (iJLo) i— Jb{ ^| oUU-i^l ji Ja>X' 



* A 



:^ ^jjjl u^dJ iJU>VI iJiUlj 



GC0 2 + 12H 2 



c eHi 2 6 + 6H 2 + 60 2 
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: O.Jia 



fJ \J.\ Ja-JI J oUy,^JI j-Pj3 J 

. O Jl i**J NADPH 2 3U*JU JJM ">-^ M* »J-u ^»eJl 
l^ y ~ ^SL^ j^A^I >b J! L-^ H + Jl .^ 2 JL W^ - 



^r^x oUyj^JI jtj>h £*— " ^ 



j-.-l 







JjjJ-l . 4 



JjailLwUJ! 





lUk^ri 



.PSII 

.oUy>JL PSI 

Jl PSII cs> cMjj&# Ju*i 

iUU -~PSI 



JjJijfjsA 



ATP 



| L ...i:rH aJuJI 



JL 





-tr _5J| ,J^ >>^ 



H+ 



JI^-UJJ^JI^'- 

t, iiU> j^s i*ill oLJJI 



J»« 



I** 



;l -JJW ATP Jl JSLt; Jl 
.ATPsynthetase 



ADP 



* Pi +E ATPase » ATP + H 2 



0^.^71 Julji v, 

-.1 • - II • 5* J! 

J* j— fS *M jJjJtf >**>) 

»jt* ATP Jl ADP Jl ;>J 
ATPsynthetase ^ 

ADP + pi +E AJPase^ ATP ♦ H 2 



SJI 
ATPJI 



. 






(:64j ! l > ^Jtajl^l) 



t U^L Sx-i^l j^T ^^ Jil^JI ^ c>\ijjSSi\ JULJl jl : I J-SLiJ 

£_1>,L Jju^I j^r j- oUj^kjVI Ji*L" lox* iiU> UUas, Ul : Jil^JJ 

.ifu jifaiujj 

j\ sxa- ^Ij sx*$i o_^ ^ oUj^jvi j&s Lx^ *iU» *ic j^^. jl 

.l*x* j*ii)U 

^jJaJI v-^J' *i-J- j« 



ou^vi ju >\d\ ijd j*\ ajl^ui yvi o! 

.NADP ^ JL4JI jJLuJI JUUI^ 
o^S* UUp y_> g* JLflib " 6JJ -^ PSII Jl , Ul ^ oUjjj&JYI jj_^- 

J ^uyyij ijL^Sfi o^ 0-* jri ( JJ> j~. 800+) ^ « uu ^ujyij »ju^ 

.(JJji J~o900+) PS 

400+) PSI Jl (JJjJ J^ 900+) PSII ^ oUj^^JVI JUljI J^ 
PSII >b2 ^xll LJ^I oUy^JI >xo dUS ^ iiU, ^ "sfj (ij>"j^ 
jw^.U U»j ( JJ^J J^ 200-) u *iJ^ ^jIj Sju-^i j^T Jl -u Ji^jj 
(Uy J^ 400+) PSI Jl (JJ> J^ 200-) PSII ^ oUju^WI JlUL 

o^S Jl a, Jissj ( JJ> J^ 400+) oj-^ /> PSI oUjJjlUjjtf dUJiT 
^V' J-^-i' J! JUri^ oUj^^J ^^ I* (JJ> J^ 600-) >LiLL 

.SIUp ^> ^ Jil>JI ^ (T + ) NADP 

2 Jl i,U Jl (JJ^i Jc - 320) T ^ oUj^^l JLLJl jl : II JiLU 

.uu* j^j ^> jl ^.oi^o ^jjj - ft x^ri jjlr ^ (Ijj j. + 780) 

j -oU^jJI tfj J Cj x . : ATP Jl ^Sj bjj, .1.2 

: gJlfidljLSlr.o 
: > 05^. ATP Jl ^Jj 



A&\ oLJJI ys. l^JUhSlj oU^JI ^5>- J £,x- . 

M"> s> £j-^" f^» .oUjfjiJU i>- Xl^M' • UU >,w DNP Jl i^j . 

.ATP Jl J5Lu r xc < oUyjJI 

U-^JI J oUyj^JI yjy J ^ju- Ji>X ^ : 2 Jl i_iL^I J^Jf .1.3 
() ; Jl a, -k-JI _^ NADPH 2 Jl ix-Ti r xJ dUi 3 ^_, 4j£JjuA j>j\±\ 



- 387 - 



- 386 - 



Si ^uji iw-4'j 4j*&\ r-^ 1 ** ^ 



;j u 



r-j 



.3 



.Mn.N .C0 2 



(37 ^Ij 2 a^e^ 
. C . Fe . Mg . S . K . P . O . H 



<Me -U*JI oL~i J\J : C0 2 jU) r U ^ *, 



.iilWI j»Lm ^ ^ t>eVl »l>0 SijA* >^ 0* J U 



tgfejl 



- ^ 






J^ 




c u;i r ^ 




= ^_^Ji ^>Ji ,> Wo* 5 r-^ *= J 



: j 




^ <= ^y\ i 



Ltfl>JkJ ^5^- 






J* 



»j-i 




iju-ft 



(2) Jij— Ji gte ^>" r* 3 ■ 1 

3 sMun jjpJi *-A=^ ,UJI t^ 



. ( t ) j+M\ ^r~+ > ^' *A*« ' 
(^) ^U)l rfja- > W-' u - rt0 ^' ' 
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H 2 






\Sj* 




CO 




*A**> 







.5 




(CH 2 0) 



H 2 




«-i*JU, 




CO 




( r jX») r j%>~- . 2 .\\j _ 1 : iJjLI uUUI .1.1 



uJJcdl^jli^ (U^| 



.Ljiidl Ljlj 
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(; 67 ^j-31 J^frj) 



'I? 



;id 



is . 1 . 1 



^J 



^?j* ^ 



t^aJI i-AjJH yJUUi oi>l~>i . U 

Jx J*->)l . I>^ cJULJI yl&J >J ^Jij^ ^'J-^ l:2 - k -^ JI lT* 

. . ^JUiJI J*LU iijj^ ijjJa* iiU ^j jjS^j 

^ ^ i)j>il . I^-I oUJUJJ *5*s*l v^" vJ^ai) LjTUM 2*Us)I - 2 




^ ... a^i/^- ^' > J ^- M i ^ a * JI ^ (1) ^ 



« 



r^> 



1 t 



-uuU i*;i ju> Jj* (i) 



M 



jji^ai uU o 2 ji jx^- 



y. ii*JiJ5JLl .II 

.JteJ 



+ ADP : *1*IHI oLi.jJ-1 ^ 3Jui^» oU" :^>j 




Jl II* : >J u_, 2 JJ OJ 
J UJ < v -: (J) 2 -> 



2 Jl J**iJ ^ t^U- t^ 1 J! tf ** d ^ ij ^ JI ^^ iiU, i : * 
l^&Jj i^sL-. .fcSjUfl UL-rf Jl* ij*U ^ c4o4Jj5>»il jl Jf J* IJ>J 






* t 



Pi Jl j*ji hjJ, ATP Jl 

» JUiJIj 5ujJ**JI SiUI i 



ADPJIiiL*! : »JJ». 



7 O n Jl ifdfiJ J foVJ 

^ £--3 tfU» Jv ~ j^»-ll Ji-li viMj^J 

^ juje liUrtl* ADP _JI I*L«k . + ADP 
i jjte rl j3 jl j* uJ Ja, lj*j 2 Jl J*4=Jj 

.(ATP^) 



e" Jl JUi 



jUJIiiUI- 



JL, j^L-JI j** 2 Jl d^lfi-l ijtfj* : > X* j^L 

.0 2 J dUfuil .Ul J*Li; f J*j JLJfcdl iL-LJI^cH + j 



2H + + 2e+y0 2 



H 2 



teoVj 



.ATP 'JL«sJ3U 2MI *4j-> SlUr Jl Xo-H 



tl^jj-*^ 



C0 2 ;**> ^M JjVi ukxi a>>i J^u. : ( 




a* 



^'J^- 



5(^(^1) 



.JlMjJ'l ,J 



* * 



CO 



^-^^J 



2^ 



;Ul^^iiJlii>^l ^ 



^JL /L, C0 2 (c^i) ^L^l .- £ U^> 

-j-^lj.^ 



..u 



. r 5lfcJlj ._^JL /U, v C0 2 c > : C L^VI 




>Jj~l 



o- : (^) j ;>iyi 



>*&JI il>^ll gjljj cJko C0 2 £^3 jl :i->dl 

gyijj ^ js^j r ^j ,_^ji j^^, ^ co 2 ji jx*^-i r j^ sw I < jJ-1 

.(ATP + nadph 2 ) a&j.j^aujti 

lU^ll ^-l^j LLi jj^J £>j3 j| v Li ^ C0 2 Ch»» jI^a.1 :* ^ •> I 



. j 




1 



^rjj 




X H Jl C^" ./n.. . , .|| y. , .^^1 ^. _ . Cj y^ UU{ ^ 

. « U I J5LU j jv^J- 

lijU : jlkilC0 2 

ft 

.^71 "oL : . Ul jy^jjXJ. j 




cr^JI gJl^j i^-i^JI i^j^i * J^\ 




attgjlji : i5XJL3 
^j^t w*j5>JI iljU, 



6C0 2 + 12H 2 



C 6 H 12°6 + 6H 2° + 60 



^U>l 



C 6 H 12°6 + 60 2 +6H 2° 

6C0 2 + 12H 2 + 38 ATP 
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2TH 2 + 2ATP + <iUW u^ 2 



(H u-^~ 



iJI 



atp ji jsl^j j3M» t w^ -^ ^^j 1 j^^ 1 - : ^^^ , ^i! J :a r^ , \ 

H O + NADP + + ADP + Pi -^ NADPH.H + + ATP +{o. 



^ i^^^^i ^W 1 e?l^ r 






ka-l( C0 2 t \>j[ : 




C0 2 + NADPH.H* + ATP - [CH.O] + NADP + + ADP + Pi 




: f 



:UI 



ii.l. 





.Pi, ADP JI >*J ATP JI J*A*, W cMI^JI J^ oUj^fl 

U^y ^ J** ^ c °2 ^ :L -^ uJI °^' ^ ^ " I 

■ • 

ADP + Pi + NADP + + H 2 -gj NADH.H* + ATP + \ 2 

O, JI J*W ^j~r* • ^ <^ JI ^ Jl a 

iiUl x* U»j *il-*il NADP + JI objd 



iJ - «-> 



.Ja~>J JiljiJI ^ »i-^- 

,L Pi Jlj ADP ja Uttlfcl ATP JI ^JjS p. - 



LJIiJliaJ 



r 



o 



2 J -^-' 



-W + H 




C6H1206 




UL>-*oO~ 




InJLiJj I l 



LM 



uv ; 



** ■ 



nCj£jj%0 : . I . J^JI : uUUI . \ . I 



U..U&. I 



*■ 



P 



.* 



Ul 



L*J I Oi"H J 



.3 .Jfcb.U£.2 



;L^ : - v* - J^^J 






UI^J-lj L-LJI I^ULI ^ j^jj : ^jXjj*** . I . i^JI . 



. Jaii ib I 



* • 




tH-^I^U 



»lil > li* J_fc pJLL»J 



Ulury>jj-L^ J-. 



■** . 



: ^UsuYI.2 
UjS/ CLJ^ ^^J") *^l ik-V- o^UUJI . i 

TH 2 JI T JM cej»J 2 jlku U_^ - Ul jUi 

.ATP Allt 

» T Ji(y i>>j_; j^Ay ii.l .JI o*>UlLJI 

.JUxll 



v^ 



JLl-9 



:JJU«M-3 

P j*oMi J! j^>Ji jLAtfl (^ . ^ J^l a>^. ^ ♦ 



jj_fl?j . jj-^U) 



WJ ( 2 J) 



LT 3 ♦ 
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.o 2 j*^a,>ADPJi -.>-*- 



•r 



;.4 






.iyU-l UuAl *i»y *>* c> J ^- ^W 



J 




ATP Jl \4s J<= 2 -> 1 ^^ .. lM . 

.(46^1~U->^.^nATPJI 








^/^IjJ^lUW^yieMJff 



iLflJ Ljajl Sjj, 




< (ATPase) i^Oll oljUl ^ oUy^l jiu 

.oU Jy i£J^I J..i:...« 



i * 

U 



bj±l^- e _ATP 



ATP 



IJUa-lt, jl-^Iu ilSLisil ajo^I Jil>JI jU C0 2 H Ja-^J 

U^-j^JL oUj^J^I J...J.T ...7 I^Uj i^^aiJI v 

.0 2 Jl jJJa-i . UJ JjJaJI JJ~JI 

j NADPH.H + Jl ^j l*j^j*£$\ il»^l grl^i >>J : JJl*JI 

C0 2 a^j 

j^i-a ,> (ADP ju jlj) 




JJLiJ 



.U. TH + 1 •-. -rf 2J»b TH + 1 



tl l„ ■ ■ >J 



.^^JaJI j^>j iuLjJI sjjb c.JJa. 7 . 7 *>/ . 






ADP Jl ;>~i j**> SJill ol£JI i^j r J* : 2 i^l ^ . 

:^*UJIJJ^.3 



4ijJI ^x*> iiUl J^i ATP J 



_i; ^ Yj 2 J^-l ^ Y . 



oLjj 2 J ^lj J^i-I J I i£Sp oMjLrttJ 



.ifcvJtjJ ATP JI^T 



()/ J 



J"*+=-J Jl JJ>_ . Pi j ADP UU Jtf* : gj ^>)l or» - 

.ATP Jl i~J J »>^ iiLjj 



II ^^_$y vJJy'j ? J*>L^— I ^Ji>^„ jjJL— -Jl iiL^I -uc : 




oLj) ATP 



. (ATP i^Oj 0, rftt*&~ 
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s^ L^jjbUI xx .(1) 




k^JUl U>>l J">U iiSLidl ATP J\1*o*.* 



l^LLJI^ 




,ju/LJI "»>LJUI J^ ii5Li^ll ATP Jl ix-j> L* 



J iiUJI >i* J. . . - " - -j (2 i^Uyi) i^iL-o iilLJi >jJ ATP Jl AaL-I . s 
yi> Jl aist, **> ^ iiU> J^w J J APG ^ PGAL v^y Jxli; 



j^^ill iju^l ^ UUI 0U2JI ^ Vm i-iUaJJ ^>JI gsdl ATP Jl JX-LJ 

(4,3»)l) 

_^NADPH.H + +y0 2 



H 2 + NADP + 



ADP + Pi 



ATP 



APG + NADPH.H* 




► NADP + + PGAL 

.(64^1^).^ 



( ; 72 ^Di *jLH J 

.Sly. 3 . r j%»-2 .^j^LL^jl^.1 .1 



.^JI^^JIU^ 





j-^i 



Js. JW\ u J^i\ & -UJu^UJI s>~i)l Jig : (1) J-J^UI . a . P 

SW-Jin iaSpJI 1/uiM Jix : (2) JiL^JI 





=)!,>• I 
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i/WI ^b^ jill C0 2 ^U L4J3U. c Aj ^»)l kill r M) 2 Jj\ 
ja~>\ ^'Uj f J 2 Jl fjsj hjj\ki\ L^JuJI Mil ^ jj .-_/-! uuji 




. ^>Sf 1 "^* UaJJ J^j^i Jb ^"^ UaJ 




JLJL^IiJjUi 



H.O ♦ NADP + + ADP + Pi gf*J2$, NADPH.H + + 

ATPase , 

T °? + ATP 

2 2 




i^.LkJI 



^ 



rt-j 



C0 2 + NADPH.H + + ATP ?%. NADP + + [CH.O] 



2 
+ ADP + Pi 






;LJ 






1 



2ADP + 2Pi 2 ATP 



C 6 H 12°6 




► 2CH 3 COCOOH 








2NAD 



2NADH.H+ 



ADP + Pi 



CH 3 COCOOH ♦ 2H 2 




5TH.H' 



f S*<M 



4.1 






.H + + |0 2 + ADP + Pi^I!!!i > T + + H 2 + ATP 



liJI 

JU.IJI 






^^SLJIJUJ 



uuf-W ifc^llj ,-^i- 



UJ 



4 j TLJI ».j ;i 



U_^«. u 



: ATPJI 



I 



1 



«;LL. J oU^y 3 
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JJUI J\ TH 2 & cMjjdXf\ JU_Jl . 
t \^j\ 3 ix-/i ^ j* 10 2 Jl) Jl+JI 

J jA c.Wj!j sjuil jj-i* ji ^ ' • ■ 



■5iU» j^wj JUL" JU 



^1 H 2 ^ oU,y£J7l ^ 
m i oUjSjJU^ PSII 

PSI Jl oUj^J^I JliJL 
JliJL --r ■ oUy>)L PSI >j* . 
T jLfXi J^u-JI Jl oU.^J? 



lit 



O, + 2H + + 2e 



JSLiJj 2 t l>j 
— -H 2 



ATPJIjr 



iLJiaJUi 




o^ULUI jl. 



Jl H 2 ^ oUj^J^I JU*1 - 



(_*-■ 



;uuj psii 



NADPH 2 Jl NADP^UjI. 
NADP + 2H + + 2e — *■ NADPH 2 






IljH* 



.^_^JJ>UI<L 
JilyJI ^ oUj^l JU^I y, 
ju oLyj^JI >-/; J £,* oL_>| J\ 

.IjJJ-\j jyLliJI>> 

Jl iJill oL£JI ^ oU>r.,.J~l to* jw» - 

J^j iilb jJ,*; j/jdl g>»J s — > *J^ 

ri& >** ATP J! ADP Jl > j lj > 

ATPsynthetase 



PSI .PSII i^JaJI i-JiJ^I Lufl . 

^J| PSII j- oUj^Jtl Jliaii . 

H+ Jl *-*, 7^—J iJU* j^, PSI 



Otjjjlj 




ATP Jl 







^ -Lilt ^ i^ill oL^J 



TH 2 + 2 + ADP + Pi 



T + H 2 + ATP 



ATP Jl J£-U ^1 
ATPsynthetase 






H 2 + NADP + ADP + Pi 



H 



NADPH 2 + ATP + 



r >J,Ldl ,^-j j>LJI JUJI . 
C 6 H 12°6 + 2NAD + 2ADP + 2P ' ~* 

2CH 3 COCOOH + 2NADH 2 + 2ATP 

Jil^ j^J J\ «MW" Ja~* J^ - 

CH3COCOOH + CoA - SH + NAD 
-*■ C0 2 + NADH 2 + ACetyl - CoA 

",^l y ill:^_/IiU u Jj>JI. 

ACetyl - CoA + 3NAD + FAD + 

ADP + Pi -• 
3NADH 2 + FADH 2 



[jiK iii» o^UU;) liy^rSi\ il» J.I - 

C0 2 + ATP + NADPH 2 fli. [CH 2 0] 

+ NADP + ADP + Pi 

JLJI i~l> UJw 



JiUil 

;UL>Y 

iU^JJ 




2C0 2 + ATP + 



J^Wi 



u 



S^ju/UI ijLJUl (1) J5LJI 


*J,Ja)l iyLJJI (2) J5LDI 


*m '1 


«UJ 1 


ju^j'vi 2 


jyrwS-^ I 2 


cAijj&il '3 


Uj^-y i 3 


L>" Jy J I 4 


oLy,^JI 4 


NAD + ju-T> JiU 5 


NADP + ju-T> JiU 5 


NADH.H + p.,. jJU '6 


NADPH.H + ^>^ JiU 6 


ADP + Pi 7 


ADP + Pi 7 


ATP 8 


ATP 8 


: ;-!! :i I ,n t) 


jjjJl ^^Ji ;.i L 9 




^ 10 


0^ 10 


^jU.LLi. '11 

** 




^li.Lii '12 


Jtb.Li* 12 


(ATPase) iJjL. ^/ 13 


(ATPase) ijMhf 13 


juLliJlju>* '14 


jyLUJIju>-> 14 


i^J-l '15 


ljU.\ 15 




.^Jall 16 



.b 



(1 J5LJI) liJ*Jh}\ IjLJJ 



FADH 2 j NADH 2 ) TH 2 h»)\ jilyJI Uu/I 



TH 



T + 2H + + 2e" 



TH 2 i«.^l Jjl^JI -.ju-S-I . 



(2 J5LJI) LJ^riiJLJU 



H 2 



j_^a^_ 



PSII J PSI j4 

^LJJ J^I^JI^ 

2H + + 2e" 4- Oo 



.UJ JjJaJI JUJI. 



^y f^fj[t •« x -^' J^ ^r 1 ! ,>aik^ pUjtj »Ju-5"l j^-i" j^ O-lijiy^JYI Ji^J" 



. C 



(3 , 3)' 



ClCjJj Jl ;X04 

(4.4) 
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J> CjLJ IJJ -k— jJI J OU^Jjj-J 




^^aiiO" J O2 iiU»J XX Ja-JI J OUjJjJ! JjJ>j5 J «j~*« »>Vl5 : 

FCCP UUI i^J J^l J oUy.^JI j/jS J 3^. >b : 2 j 



r JLC :Ja~JJ 2 i-JL^I J^i 

Ja^JI JoU^I 



2J Jl 1J Cr* 



.. Ul JaCttj CiUjJj^U JI4JI JJLs-il uru^jSfl ^*, - 




>- Cj jj j^i ^LJJ .LliJI J y^Jtf J*> Jc FCCP Jl J 



.ATP Jl ADP Jl IjLJ OiyJ d\jyjj 




( J>-» v-?*V ' 



(: 74 ^^Dl *jl*»jj 

!>JJj^j : O2 iiU»l J-J - 
JL ^ 3^*-. Sit cUS; ^U.1 it-jfl J H + ^Sjt >b>. 2 Sj -,j ^J 

e-. H + Jl JiljJI 5ju-fl &jjJ. : cUi ^_ .LJLAl *Jl> J! ^ L«oJtf 



;YO 



2 uLi J PH e = PHj j\ H + & 
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igJteil)VL*Yll!»Ur. 

C 6 H 12°6 + 6H 2° + 60 2 ~* 6C0 2 + 

12H 2 + 38ATP 



i\ 



Jil^JI Lu 
JLL5LU..UI 



ij^kll v^^JJ i-JL^I -JiUl 




CL Jl 




t 1 



I. 



■ j: 
ATP 



6C0 2 + 12H 2 
6H 2 + 60 2 



C 6 H 12°6 + 



iJU»V 




-.:(2) J_C^JI. 

J^JaJli Jil^JI ^L . UJ J,^\ 

.ATP Jl JS^jj 2 Jl 








— * «-/ • 



e 



;lj 



ir . 1 . I 



:(1)il>l 



JUJI ^ i*L)l H + ikJ* BM ^L ^ 

• Ja-JI J CO2 V^ *J«*i 



oLl 



Jx 



:(2)il>ll. 



J_^JIjJ^_J 



. f 5Uk)1 




•Ll, 



BM ^1 r ^_J ^ C0 2 4j *j ^ L^iu* ou,j* ^j ^ 

.io^c ob,j> J^JLiJ C0 2 ^L>jY iojjJaJI BMh 

:(3)ii>^L 
JU^JI ^ 3_#Ldl H + ik-l* BM t L^| Jl ^ j.jSfl oJJI . LL^I . 

.H _, j£ ,v J? ,-x. BM sjl-^I /^ i^U «.*J» Sa^c. cLii ;..!. 



.Jk-^JI J j>l > dlC0 2 



-"jJxaJ 



^ 



J-JLi; ^ ^1 — ; 6C0 2 J -k>X; hknU ^ . 3 

12NADPH 2 j 18ATP ,*» r „.7j j^T> i^-j 



144= i2X_72 sApG f 



216 = ATP j 12 = j_^> , 144 = NADPH 2 . 72 = RDP ^ 



U-i* isU. Jl iJ_^JI isUJI J^ : s^Uill i^jbl . 4 

UIL^^JI 
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.0 






s Oo JI2 J 






r LJI J">U ^_SU iiUS dLij^J 



l5J 



-L- 




J 



. j^-iLo J^jiiJI JL*iJ J^ Jj iLi 




^y. 



^^Jl jjjll o^f W ^ oyr-^l 3L-J J ^L: : 1 j. 

iuyjl ^ 2 JI *«-- J> ^^ iJ+--2J- 1 J 

i^SL 2 JI q>" **#U)I jSf Ja-^JI ,y 2 JI *-~J »^~^ i*Uj : 3 j - 2J 

.oUj^sSW J-«— j <_^JI *** W J! I* 



^ I4A i, U>7I *fej 



J^ Jl^}\ o.^u J*-pi J 2 JI i^-J ^i ^U: : jj ^ ^ 
>j*j dUi i^j&^j 2 JI c > J-p1 ^ t l>j7L- iJuAl o**U* : i^J 



C £ 



kJI ^JJt-. 2 JI C > jl gjl Cu^JI i^-O iit> ■" j_^ 



il . m 



u 



« * 



.cMjj6rt\b 



a.^^4 • 






(": 76 jj^t *jL>»j) I 

■ ■ 




( xJ _^>L; ) o L-^5" . 5 .CL-U Sib) »j-2J-l. 4 
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Qi ■« *V J* V«tfl .J J* 



-LJI^LJ. 



ilj.ji ch S ^>j^-± i V*J' J! H + JULJL 



JI oUpl ^ e- JJaj 

iill> ,^jj e' Jl if -.;! cLj\. 



.Ujrf 



-r- 



•ATP j^&j PH J I ^jj; ou i^UI . u 



^l oU, ATP J5LL; Jl ^al ^^> jtf 



cS >^U-IJ a -,^l 6 L5'LJi'. 




^ J[ &MI ^j» j* ^>J" &J3 ^ (H + ) oU^.^JI J 

H + jSj s -k-i_L, ^jjl ATPase Js. ^^J. ^Jl ^jill ol>JI ^c ^IJ 

ATPJIADP+PJ 

: Vj l^_JIJJi>:.1 .II 
J J ^Lfjl Jc JJ: 2-6-D ^JT^I _^JI Jijj : (1) j/tfl ^_^^dl 



^Ujl Oi^ V C _^JI V L£ ^ : (2) ^JUI ls.^^1 

^L«JL^JI ^ .^Jl a^j pij : (3) aJUl i^^^JI 

2-6-D J 

: 4ju>.vJ I 

* M 

2-6-D ^^0 ^V j JJ-r ii oL*;LJI sJ%mj ._^J 



Js)l.2 



2-6-D ^J> IfU?,,.! oLj^^l jULLj 



j 




.ij^^jui iu^ii : ^ a>^ii . 3 

• ■ 

2 J 



- : ^ LJI4JI jjljj 

NADPH.H + JSL2J . ATP Jl JiLiJ . 




-^JajJI 3 Ijtl ^Jj ^ Vj Jaii ^_^_^J 
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: VltJirJI^JI 



jcji^ 



NIL 



C N 

/ W 

N C 



I 



\ 



CI I 



HC C / 

V N /\/ 



o 




'^ II 



01 



, A 



II 



ATP 



JJfcU -£■* 




iA^i 




(i*)^ (F)^C^) 



AM 



aim 1 



J 






■ UsfrUL io>*JI ^iJJj^" JiUiJ 

.a^iiii uL^» ij^j v» J^ ^ ^uji J^-l, c— J *wbM »■** - 

. r J4JI o^UU; . L;i ATP Jl J&£*. . o 
.< Ul o^UU; . L:l ATP Jl db&t 









nC0 2 + 2nH.O 



j-^ 



2- -T C n H 2n °n + " H 2 + n0 2 

L-Sfl >li 



. ATP Jl JJL^-j 2 Jl jJUtflj Jikjj p^ . ljj j^\ jj^ 



'J- 5 



H 2 0_ 

NADP + 2e+2H + 



2H + + 2e+^-0 2 



NADPH 



ADP + Pi ATPase > ATP 

. (Ju-UVl oltl) i 




: U^JLo 




3UUJU ♦ 



>^SJI SU^ll gykj) ATP Jl ^^ JU^I JJI^JL C0 2 

.5U 




: uUUI. 1.2 



H 2 0.3 

. C0 2 . 9 
. Pi. 12 



C0 2 .2 
2 .5 
U.8 



AJ 



i^^^S 



U>.1 



.4 



ADP. 11 



2 .7 
ATP. 10 



i-l>b i 



J 



JUiJii . 



cA 2 ^ wr 3 ^ ' JjJ* f l~£l '^sj^> v-O - 13 



*SU».| : iilDl 



-bj^ . i»j 



h*\g UL~S *S\b . 



.(ATP) J L*=~,}U iL li JL ^ ii It . 1 1 1 




: ATPJIoU^c : 1.1 



< « 



.JLilLtjj ul£_^y O^ + ^.jj^il ^C 
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iSu 



IS. • ^JS**-* f— J • 



J>UJI . LLaJ! 2 J£jJ 



UJ>J 



I J^ULLiJI oLS> ^J-) j^ w %60 lr ,a 



%40 



Jil^. oWjy^Jtl Jil^J) **£• oUyj^ .^jji %80 + p-* %20 
ATP JJ ijj* olcjjL (pWj^lj U-rtfl oUjJl ^j olijJu^J 



^; 



lil.Lli 



Ji.UJI.UJUI 



.ATP ^j> 38 Ji*; j»dl ^ !j>Ij i^j> J\ji)\ cr^ 1 J ^- - 5 

3/^li kj» 400 = 0,5/200 j/jUH kj> ijj / i&*i-U j/^ 1 0JJ = j/-^ 1 * b J* >■** i»! 

.ATP Uot 15200 = 38 x 400 :jCaJ JjSjU ^j> 400 jij 



(^jj^tajLH) 



:Oli3^1 



V- 



L-.1 



jl jJ. dUJJ < l^JI jj^o gi jA\ ;„.... t.) I »*U1 s^jJ l> : 2 ^ 

. U^L/i^-i-JI J- IT J cos^ L^SJI 










;JI 




j ,jjj ij-i^Li 'j-iaJI ij->j-; : 4 «u 



►jJ IL-i*}f 



js L 




l IJJ: 



UV*. 







tf 



aU 



i ILlg. 




5j _^a, 



iii^l JxJ. J^> L^JI £*j2 Ji>^ : 5 1^ 



- ...at.l lj <: l^aJ-l OlfclxJ-^l ^Ik-Lo J ^~5" j-*^ -*>_* 

oil oUlxi'il «ik * J i-.j*uj ^>Sfl oUU-SYI J*L. 
i^ll J> ^— > abA: J|*a)l v^"^ 1 •■*■* j' c^ ^ ^ 

: iL*J>d I il^UL I - 2 
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•UL 



;U»^. 



. ■* da 



.4 



4 ,,^*l 



>X;)^-i^.3 .jA.t4.LL*. 2 .^><LU.1 : oULJ 

.4 



. (_yi> I ^ ^ Lii . 7 . ^-> j l> * Lii- . 6 . 



.5 .5 



.9 .u>-8 



.Ux.10 . 



U;J> •JUmS'1 ) j-J&r « j^'Lfe .^J.i-JajJI 



: ^J-^ 



(:78 > > ; j^a)lAjLv.t) 
^* L ojJI. 1 




sjtfj sji-rSfi ^ ^jj^"^ 



J^JUC^I-^UaJl.i.2 

: JU>>ljxUJ 



C 6 H 12°6 + 60 2 + 6H 2 0— 6C0 2 + 12H 2 + 38ATP 

.^ 180 = C 6 H 12 6 j^^JJJJ isJjlJ iL5Jl . y 
J^> jJUS* 2862 = 180 x J^> ^LT 15,9 j_^li J_4 iilkJI i^T 

o'j jA^M-' i>- J^ 1 ^ 1 Jj-JJ ATP J_^ 38 jJL. XSlkJI jrbJl JV* jl U . ^ 
y.jjj L^i IJJ J_^. ^IJ - 30 J j Liu UU» >..lhT, ATP ^ ;l>lj i^_>> j^i; 
: JUI J5^JI JU j». ^jj> JLXU j^ ATP J5Li JU fcjjdl UiUI 

.J^>>/ 1140 = 30x38 ATP 



J^> >^ %40 = 2862 / 100 x 1140 = ^IkJI ^.^ 

.i^l^l i5> o 1 — ^ ^j^ 1 ^^J^ ^JUiJI Jjl.1 . 
. L^Jii:- jL-^J L.J5U1 *5UaJL iJu^JI JU^I >IjuI . 



.( r jJ 



L^) oyj^JI w^^J ^j^JI ^LDL 




L>JJ r ^l U^LI >M. 



.^>> t lii : 1 J5LUI jljlc.4 



•^yj-H - iiJ>*— * p—' - :^ J L5'j-JJ LJLa-^JI AA-JaJ 
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U» \j~S bjx jllf; 7 \ J uL\ ATP Jl ^ i_^SJI ^ ^lt J^-^Jii "^ 

1/19 JL-^ ^I^JI J^^l ^ j* Lj; ^lyb^UI JLyJJ <y iAUfl olio* ,>* 
Ja-^JI ^ ATP ii^> 38 Jx J_^JJ j_^U J^ l"jll^,„7 - 8 ^jLI J y 

■•w 

iJo>> Jx 38 J_^a*JJ j/jlc J_^ 19 jlljr.,,7 ^lyb^JI Ja-^l ^i c>>> ^ 

ATP 



zfijj> ijs. i i&LjSLmA 



jji'^iJI CjHj* iJut ,>j ii"^UJI ^^. Jljll .y^b 

■tyV-^lj l^W -^ J iJ£~^l ATP Jl 



;j£_iJj ATP Jio - *.- ij* 



16- 
15- 

14- 
13 

12- 

11 - 
10- 

9 

8 

7- 

6. 

5 

4- 

3 

2 

1 - 



10x 




;i^»^uiJ a — jji 




1 



~r 

2 



-i 1 1 1 r 

5 6 7 8 9 






[Ml 




) 



.LUI.4 .j/jUJI.3 NADPH 2 .2 



: oUUI.1 

- • 

ATP . 1 



C0 2 -8 .0 2 -7 

Jj 11.1.11 



hJJ.\ SjuS^I - 6 .dLij^-JI ^^> . 5 

JUW.10 NADH 2 .9 
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J-*; 5U 5^ 4*Jh *J,-iJI oULjciV 



oil 



r ».j 




*■ 



! 4_JL*J • 



I >t^H ^ UU^I ^LS^I uUlxiVl : rLLL^I . 3 





^JLjJUj 2 Jl ySj ii^J ( jl^) ^_^ ^LJLS- L^SUI cJl^J . 4 

IjJ,j i-^*jd\ l^J\ sj* jy_ Si^UJIj Jj-^JI y~*>JI SjU W 




^ 




c 



Ul 



j^ill^ilJJ 



: oL._4a1I. 1 . ^ 
J^h^lJ^JI^ 



iilidl ^ iLii l^S c LjI <- j_^WJ ^ J^^\ : ^ly^UI j^| ^ 



Uku oL-jj^JI «i^j j^l 



r 



jv 



^ 



a^ui oU»uji oi - 2 



iiUJI ^ ^i-l cjLTj C-ju,-. JI^JI "I" J^_^l ^ o>y ^1 i^UJI I J^ 



^J^_ll j^^UJI i-J" 




ATPjil^ 



^i<- ,.li j/jJjji 



.3 



t?^- 



i>". 



'j»i 




,/!>*¥. •j.k.jll 



^V-'J*-^i 




Jl 



.ATP J^ 38 ^ j_^^ J_^ J5o r b a5LiJI ■ "I" Jl^l J^^JI J 



ATP J_^ 2 £* j/^U J^ J5o ^j, a^UJI : "y" ^"l^^l JW J 
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s) C0 2 



j/jWIi 



iljj 2 1*41* j*aJ J-i.^JI jk** SiU*l us 1 3 

.UL*J -Jl .Ju* JLjuJ 






J 



^JJ/WUII : i*~ 



: C0 2 joUj^JI^ 



.«*WWi 



U\j <o 



"5UJL 



lil^iJ ^o CO 



-OTSTJ J»iy 



C, oUWi j? 






2£^- 



: JL»?I JaW 



CO 



{ 



C 3 "I- -jjVi jil^ J^-l 




**/au 




CO 



gfejl ^ ^JiJ dUJJ C0 2 ^>j 2 Jl JL^l ifjtiJjJS J>b dUj^l 

.(2);LLj^ l cf i;Ui>, * L 






: ^ 



;lji 



.4 



.«iU co 2J o 2J >-JI ij*5 ^1 ^s 
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( 



: ATP Jli>Uihl*,. L 2 

A-r-r. ma ATPase (Hydrolase w>l) 

ATP + H 2 1 £i ADP + Pi + 30 Kj 



;V 



Hydrolase }JjjXJ> ATPase ^1) ATP JJ **J| ^1 ^ . ^j 

(jfcu. ATP) ^S^\ ^1 y> : >Vl flfttj 

ADP fPHEM ATPase (S y nth6tase ^^') ATD , u/ . 



o 



UiJLiui Jul. 



J 



0- 



®4p)~® 



.(1) Sijiill ijt>1 ^^u) - 6j l>l jJ>J .1.3 



•( 2 ) ^' l -^ *^.U U4U, uy"iU jUI ^ iiL, v_~S>J . 
.(3) (JUtfl JUI) tfjft £j j«f ^ UU Jli^ . 

.(4) Ju^JI .^LUtf iS>JJ JufiUI iiUJI . 

J^^D ju^l jju4l *A isikJI Jx J^JJ ATP JJ JJlju rbsll £& "tf - ^ 
. l^UrLttj JJLsLI ou SJjUstl iUJI ^i ;,JjLI oli^LUI ^ i^Lil yUJI Jlc 




: oUUI.1 
. r »>.7 .^jfjz^.4 ^lM-jUf-1 
.»>»rf . 8 jjjj . 5 






: gJladl ^ij.l 



.2 
.3 
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JL** jj ^JJ\ ^U ^ > C0 2 J! C^i : JjVl i-fr^l - 

.JyJJl l&S APG Jl Ol^ ,>uJ Sylil J^JL 

LS> «LS- ax^ll ^Ui **> > C0 2 Jl c^ : iJliJI ^yJI - 
1(XH pl LT5U APG Jl obj> ^^xJ >i« ^1 j^J> ^L*- 

. APG Jl JSLi; C0 2 ja oLj> o>U &IUII i-^yUI . 

y L u l ■»»«** fly . ' 



rJUtt 500 = j AJ ijgill J Rudip Jl j APG J 




.1. 



Rudip Jl ^Le. C0 2 
a— >j ^i Rudip Jl 9jjju 







v _ ^jjl APG J 
ZJ_^_JI oL-JJI J (ATP., NADP 




juull ijiill ^ (2) a^jJI c^^ j4^ - V 

U 1000 = 



J 



Jl >^>- *»** C0 2 uLi. .j-sJI >>-j ^ij 2-JU 500 
^Us* r * . APG Jl >/y ^UJJl 4Jj ^Ijso ic^- Rudip 
^iy ^Lj <ui J-^t*. ^JJI cJ^JI ^ Rudip Jl j/jS L*o* 

. \j 1 000 x^" L>" Uj/jS r ^_ jl J! ■ APG -" 

•^ ji ^ : Rudip Jlj APG Jl Cry tf*JI L ^y L~i ^UaJSI 

. CQ 2 j .^JJI yy <M- >VI ^ £* U^ 



;.2 



3 - 1 Jlj Jl J i>yiil *-5lsJI i^>J' J^^ gtofl »i* g»~J r 

ijpjj i^> Rudip Jl iii>> o-S ^ APG Jl JJLi3 p. - : JJ^JI - 
.APG Jl & u^J> J! >fca JJJI J*P lt- 1 -^ **> ^* C0 2 Jl 

.APG Jl ^L: d»H CQ 2 uU J *A - 



: RUdip Jlj APG Jl ay *S"5UJI £^_* -k 




APG 



^tfii^ 



Rudip 



NADPH.H+ 
ATP 
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JJ^-^JI ^ Q 2 ,^ 3 ^UJI ,i* J">L> ^. C0 2 c.,-.j-v ^ Li^Ljl yCJ 




j^?LaJL j^— '_^JI ^^ J 



.*UJ 



: i> ^^il I -u/pjJ I . *_> 






£~L_« aJjoLS" *C0 2 i^-»u -J5L« -k-,_. J 



il 



,^sl2j - 



.*-i-o C ^J^^ oL^£w J^-JJ Ji>"^J t _^JaJJ 



lAt" £-1* 



u-J! 



iJrUMbMiijI ji H 2 0* <jy*-i *j")Lo Ja— j ^s c 

. Lll. jikdl *0 2 Jl jl ^.yj, cj^iJ 



.(^Lci^ 



. * 



) 



: <w* 



>a 




.* UJ Jy^\ jJ^JI : ^j>il 2 C^fi^Sji\ j^w 

: 6 j.^fllnjl ii-fej - r 



-JjaII il^ll J-jcl-- jl pk^ ^JJI yb irjJuri ^"13 ^l$JI 

. Ja>Vl oLJI Jio L^iuJI olj^ y^ 




t 



82 




L) 



. LjI LfLSLl; r " ^1 oL^^II (1) U_JJ\ J L^Jx J^xll g^N Jsi . 1 . 1 
.j-iil jji^JI ji C0 2 jvj UJ*>U r - ^\j ^jjjl ^^Jl U^ OjO> 



: UJo: J^JI ol^ll i-— ; . 2 
^J.\ jl ju*i JL#;U 30 juu I < ■ U J.^UI 3 ^>yJI ^ 3LJU 1 



.Ut 



^r? 



lc 



|Am< «jD 



) APGJIy J5L^dl 



2 jju I4JX J^a*JI iJLJI l>Ji\ ^JL; J^LL-L : ^lj 2 = ^jJI ^ . 
JSLiill s^^il jl j>: *Jl5 30 0*1 I4JU J-^dl 3 i>yJI ^ iJU 

. (>^u o^l&l ^ jSL,) C 3 P y. 
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L^.J^JI.JoUJjJ! iJ; sbw «Ju*~J"*il 



L$LU 



j- 



U^ATP 



.l46 ^l^lji i Ju-rlJI»>-i)l) : JaJ^cJI jm-JI . 3 



ATP Jl w«5>" ^ £S< ^JJI oVj^JI y _> 
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: r lljVl IfcJj jlill OULJI n^j . 1 . I 

tjj;d . 4 . (.jXjLb.) ^^ .3. 5ljM . 2 « ^jjjJjZy^ . 1 



^ \j»y} i Jx-^j i 


JI^JI j^l 


AJjUIl 4>jl 


ft^Lj^j *lL_Ls 




oLjjJ^^JI . 1 


l>alij 


L^i^r 


ilSLiiil ATP^r.2 


* 




»j*JU.J 


L^j- 8 ^r 


>*l 


XKLiallJjJUe^l *^-4 



J^j JT ^ o^" ^l L^j^^UI »^UiJI . 3 




*• a a 

: J-LcJI. 
Jl ^a SJLJI a-JUIj ,i_y>ljj tJUAfi oLjJjyTjJUd* i>>j : a >..a.'--J I . 

Jj*\itH\ JiLiJ *a©j ATP 

.ATP J I ^ iJJJ l^Sj Jjjte/i 



cy 



: C 



tts-YI-4 




Jl 



ijVJ 



Ju 




***** 



C 6 H 12°6 + 60 2 + 6H 2° ~* 6C0 2 + 1 2H 2 + E l^S i^Jcdl SybUj * 

C 6 H 12°6 ~* 2C0 2 + 2C 2 H 5 OH + E ~A.',.^ :^lJI i>£ * 



: (2) ii^JI ^ V" J^JI <> iJ^ 11 %&& jjUil J*UsJI . 1 - 
^J ATP Jl i^, oUj?j^I >$> oA -W ay^VI JUUJ JJ . 
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JJjJI j,,^^ jli ajltjl ji=Lij «LqJI ^!)Ai.'J ju^,J kh»U 














c^^e aJiJI Jil 3 ATP Jl J-,,,,, a^ 



LVJLI o> ^ S^U ^o^-JI -JlkJu' —USl ; juall ATP Jl ii,; 



U^^tf ^o ju"j! IjJ SJLil U-b , 



-* 



ATPJI 



>* 



i U-i ■,. 



** ^ -• 



X). 



! !. 



^^ * * h t at I 



.ij-oLS' iill? jj^ aj :>-ia.& illi> ^ 



HJ^^ 



i'i'l jjL. : 



Jl j/JLiJI l^ 




.^Jl ^ yb L' ^ **i ^^iisJI J aSLldl ATP Jl ~^S jj£j JJ+j 



UaJ 




J 



,A^ 



>_Yl iiU J Jc-l&l oliaJI Jjj: 
^1 Jrf .^rfl ATP Jl U> 

ju s^ ji J^w jg 




j yikii jl 

J.j^iliul 



ADP + Pi 




ATP ^jO^rUJl 



© 



ATP^J_^18rLJl ^ 



aj, 



.-•./-_- w 



*!•>,,>■ Li ^* 31 ij -^ 1 ATP 
Ja-L ^A Li ur ^JIJ 
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dJ^JI jid^i jtix ojLLJI jiaJj a^LJI ^iJaUJ ju^^l U^\ jdt jJbJI 




lotJ&J 



j 



L aJ L— L-l iilkJIj idlLI ,>• oi>U 



•aUI ciiiLs ..-■-'} ■ U-^^i 'M\ j-° ^^' >■** u^— ^ ^-"J ' U^ 1 ^. 



.iJ.1 oUl&l 



^s i^ju u*i* Jx^L- >j ^^-" oj- aiwtj 



ipxjLsJI 



r*-> 



03 



05 



t * • i 



05 



177 



oU*J 



aUI. 



oLJj^JJ ^yLijjJI l yxusj^\ . :0/i\ JL>iil . 1 



.^uJI JUrfJfl ^ cMWI jj* - v 



uji j_j>. :( yiijiJuai.2 



(...tf>l .oUJI^j^ tJf J1) *-ejJW l > l ^ , £ si; ,;L ^- 



L. 



Jl ATP ;Llj> J^-j . I4J i*^—. ^>Jj i-slkU ijt^w o'SUUs ,>• 



l>* 



;i t ■■ 






»>• 




j. .o">ULi_J! ,JufJ Ji-^l 



J5Li Js. iilkJI jJa ^ <>> js*±j ( 




^iisJI) ^L^JJI oXtLLJ 



»j 



>a>) i->jJ^Ji *ku%i ol^ J ATP ^ 





lolkJI 



.(...JUi Ji ivfiO 
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